Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^^ 


MjiBjijEpL, mf i% M ]immwr 




Dr.Bairkq.n-fH i rscK f eUev 




^^^1 



HISTOLOGY: 



NORMAL AND MORBID. 



EDWARD K. DUN'HAM, Pir.B., M.D., 



ILLUSTRATED WITH 363 EHQRAVINQ8. 




li-:a brothers & cc, 

NEW YORK AX1» Pit T L A DK Ll'III A. 

1898. 



Entered according to Act of Congress in the year 1898, by 

LEA. BROTHERS 4k CO., 

in the Office of the Librarian of Congress, at Washington. All rights rei<erved. 



CLCCTROTVPCO BY 
WEBTOOTT & THOMSON. PHILAOA 



pfiiss or 

WILLIAM J. DORNAN. PHILADA. 






PREFACE. 



In presenting to the student of medicine so condensed a volume 
upon normal and morbid histology an explanation of the author's 
purpose may, perhaps, not be amiss. 

It apj)ears to the writer that the most important lesson to be 
derived from a study of the tissues in health and in disease is 
a knowledge of the constant and potent activities of the cells to 
which those tissues owe both their origin and usefulness. When 
the body develops under normal conditions those cells build up the 
tissues, gradually modifying their formative activities so as to oc- 
casion a diversity of structure in the various parts of the body. 
During this developmental epoch, and after maturity is attained, 
the activities which are grouped as fimdionaJy and which it is the 
lot of the tissues to maintain, are also carried on by the cells. 

But in order that these manifold cellular activities shall be of the 
usual or " normal " character, the conditions under which they are 
carried on must not depart greatly or for any considerable length 
of time from a certain usual, but rather indefinite standard. If 
those conditions are materially altered, the cellular activities become 
modified, and the functions they perform suffer aberration, as a 
result of which structural changes in the cells and tissues may 
ensue. 

It is this close i^elation between cellular activity and structure 
which unifies the subjects usually kept distinct under the titles of 
normal and pathological histology, for it is evident that there is no 
natural separation between those subjects. 

In the preparation of this manual the author has steadfastly kept 
in view such a conception of the relations lx?tween cellular activity 
and structure. To carry out this pur[K>se it did not ap|)car neces- 
sary to describe the various changes wrought in the individual 
organs or tissues by unusual conditions. It seemed to him that a 
general statement of the alterations in structure attributable to 

3 



4 PREFACE. 

modified cellular activity would enable the student to interpret such 
departures from the normal as he might observe in particular speci- 
mens, provided he was familiar with the normal structures of the 
body. In this belief the writer has devoted most of his space to a 
description of the normal structures, and has contented liimself 
with only a brief account of the histology of the more prevalent 
morbid processes. He was encouraged in this course; by the con- 
sciousness that in individual cases the application of the principles 
involved might be more successfully made by the instructors under 
whose guidance these studies were pursued. For the sake of clear- 
ness, however, examples of morbid structure have been selected 
from various parts of the body to illustrate the diflFerent phases of 
the processes that were being outlined. 

Those histological methods and data which are utilized for the 
purpose of clinical diagnosis have been almost entirely omitted, be- 
cause they are fully described in special works on that subject and 
are not strictly within the limits assigned to this more elementary 
book. 

Occasional reference has been made to technical journals on his- 
tology. Those which contain abstracts of the current literature on 
that subject, and which will, therefore, be of greatest use to the 
student, are : Tlie Journal of the Royal Microscopical Society, ZeU- 
schrift fur wissenschafUiche Mikroskopie, and Centralblatt fur allgc- 
meine Pathologic und pathologische Anaiomie. The student is also 
referred to Mallory and Wright's Pathological Technique, Lee's Mi- 
ci'otomist^s Vade Mecum, and to the more recent German revised 
edition, Grrundziige der mikroskopischen Technik, by Lee and Mayer. 

It may be that well-founded exceptions will be taken to some of 
the explanations of morbid processes which are here offered ; but 
it is the author's hope that he has not advanced theoretical views 
with sufficient emphasis to mislead the student. Should the general 
plan of the work meet with a kindly reception, it will be his 
endeavor to correct, in a future edition, such errors and omissions 
as may be revealed bv friendly criticism. 

E. K. D. 

New York, Octol>er, 1898. 
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INTRODUCTION. 

DuBiNO life all parts of the human btxly are the .sent of constant 
activity. This is a fact too readily overlookwl by the student who 
gains his knowledge of the structures of the Ixnly hy a study of the 
tissues after death. To make that studv of use to him in hio nuHli- 
cal thinking he should constantly bear in mind that he in viewing 
the mechanism of the body while it is at rest, and, fiirthernioro, 
that the methods employed in the study of the minute Htruoturt» of 
the parts not only arrest the normal activities of those parts, but 
expose them to mutilation. He must, therefore, constantly supple- 
ment the knowledge of structure he gains by his histoIogi<»aI studioH 
by recalling to mind and applying that which he has a(M|uired by 
a study of physiology, habitually ass(wiating his ideas of struc^ture 
and functional activity, until he can hardly think of what a struct- 
ure is without at once recalling what it docM, This he cannot <lo 
till he has mastered at least the g(;nend outlines of Hysteniatic 
anatomy and of physiology. Those two fnndani(>ntal subjectH are 
brought together by an intelligent study of the minuti! Mtructure of 
the body, histology, which, for this reason, has also and appro- 
priately been called physiological anatomy. 

But the student of medicine must go bc;yond this. To the cjtU' 
ception of the body during health, whi(;h he has formed by fliis 
thoughtful method, he must then a^M a c^mception of the influence 
exerted, both on the structure and aetiviti<»s of the b<Kjy, by al>- 
normal conditions which disturb or thwart the usual working of 
that complex mechani.-m. Th** more ch/sely he cftu make ih^;^; 
conceptions agree with ob^^Tve^l ffi/rt«, the rnon* fKirff^fri will \H'jUfUtt'. 
his ability to inteq>ret the phy-J/ral j*igfH. and j^ymfff/im.H of di«t^raii#r^ 
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and the clearer will grow his insight into the causes and tendencies 
of the processes of which they are an expression. 

In all his studies he must seek not merely to train his powers 
of observation ; he must endeavor to cultivate his ability to inter- 
pret what he sees ; to deduce the processes and causes that have 
wrought the results he perceives, and to compare those deductions 
with the conceptions of living things he has already formed, so that 
his ideas may remain in perfect accord with one another as his grasp 
of the subject enlarges. By so doing he may hope to create a life- 
like mental picture of the body both in health and during disease. 

The activities of the body involve changes in the substances of 
which it is composed. Some of these changes are always destruc- 
tive in character — that is, they result in chemical rearrangements 
which convert more complex combinations of less stable nature into 
simpler combinations of greater stability. Such chemical changes, 
whether they take place within the body or in external nature, 
among organic or inorganic substances, are always accompanied by 
a liberation of energy hitherto locked up or stored in latent or 
potential form in the compounds of higher complexity. It is this 
liberated or kinetic energy which is utilized by the bodily mechan- 
ism for the performance of internal or external work. When 
directed in various ways and operating through different structures, 
this energy occasions visible movement, appears as heat, etc., or 
passes again into the latent form in the elaboration of more com- 
plex chemical substances from those of simpler constitution. 

These associated transformations of matter and energy involve a 
continual loss to the bodily economy. The stock of energy is dim- 
inished during the execution of external work and by the dissipa- 
tion of heat. The store of useful chemical substances is reduced 
by their progressive conversion into compounds that are insuscep- 
tible of further utilization, and which, in many cases, may act injuri- 
ously upon the structures of the body. Under normal conditions 
such substances are eliminated from the body. 

It is evident, then, that the body is constantly suffering a loss of 
both energy and matter. This loss must be made goo<l if the 
activities of the body are to be maintained, and this is accomplished, 
during health, through the absorption of fresh material, containing 
latent energy, from the fooil taken into the body. 

The activities of the body are not the same in all its parts. Thoy 
are all alike in one particular — namely, that each part must main- 
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tain its own nutrition^ incorporating the food-materials that are 
accessible to it and using them in suo^''*S,^ay as to keep its struct- 
ure in a normal condition. But, asic* /*^ys duty which is com- 
mon to all, each part has a dnt^ / ^S^ the good of the 



whole organism ; and, as we sha^ 
paramount, the activities whi 
even if they involve a sacri^ 
individual part. 
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only derived from pre-existe*. ^ving cells and are not antagonistic 
to the chemical and physical laws governing unorganized matter. 

All the cells of the body are descendants of a single cell, the egg, 
from which they arise by successive divisions, and throughout the 
existence of the body they retain some of the characters of the 
original cell. But as the body develops the cells of the different 
parts display divergent tendencies, which finally result in the for- 
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mation of a considerable variety of tissues^ gronped in various wa^ 
to form oi^ans or systems of very difierent kinds of utility to the 
whole oi^nism. This divergent development is known as differen- 
tiation and results in a specialization of the different parts of the 
body. Its study constitutes embryology, but it will make the com- 
prehension of histology easier if some of the simpler and broader iacts 
derived from a study of development are first briefly summarized. 

A new individual arises through the detachment of a single cell, 
the ovum (Fig. 1), from the parent or^nism. This cell divides 
Fig. I. 



*'"?^ 




Section of humitn ovnra and lt> Immediate aurroundlnga vithln tbe oTary. (N*sel,) a, lona 
pclluddB: ft, cjtoplnsm o( thy ovum ; p, granults and globulea uf stored Tood malerlala 
nlthln the c]-lD|)Iaiim. collucttruly kanwn as the metaplaem or deutoplaam; d, ecrmlnal 
veilcic or nuclvUB uf tlit uvum coiilainlnB. in this ciui;. two germinal apota or nucleoli ; 
f.ioncofcpltlictlalci'11»imiu<sllBtv1y>iurroundlng tlie ovum; /.cells of tlie dlsi^uipro- 
Usenis : g. pcrivllollluo spacee separating [he zona iwllueida from tliu cytopiav m of the 

into two cells, which, even at tliis stage t)f <levclopmout, differ 
slightly from each other. These daiijihter-cclls in turn divide in 
two, and this process of division is cinitimicd, eacli <-i'll jrivinfj ri.^io 
to two new cells, until a cunsidcr.iblc ii^j^rcfpitc of <-vWa lias resulted 
{Fig. 2). Then the cells assume a definite arniiifp'nieiit into layers. 
Some become di.^jwsed in a superficial layer eiioh>sing the nst of 
the cells and a Ixxly of fluid. This layer is called the primitive 
ectoderm. The remaining cells accumulate in an irrcf;ular laminar 
mass l>eneath the primitive ectoderm at the site of the future em- 
bryo. This mass of cells is the primitive cntoilcriu. TIius, at 
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iiia stage of devdopment, there is u cellular sac, coDtainiog flutd, 
with a reinforcement of its wall at the region occupied by the primi- 
tive entoderm (Fig. 3), 



Stgmvnted egg of PctTomyzon nam 




colloctton of cells. The oi 



Subsequent to tliese events a third layer of cells becomes inter- 
posed between the primitive ectoderm and entoderm. Most of its 
Fio. 3. 




leella are derived from those of the primitivi 
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primitive entoderm maj also participate in its formatioD, This 
third layer is called the mesoderm. Soon after its formation, the 
mesoderm divides at the sides of the embryo into two layers — a 
parietal, which joins the under surface of the ectoderm, and a vis- 
ceral, attached to the upper surface of the entoderm. The space 
between these two layers is occupied by fluid, and is destined to 
form the future body-cavities. In the axis of the embrj'o the three 
earlier layers remain in continuity, forming a cellular mass around 
the site of the future spinal column (Fig. 4). 




From these three embryonic layers of cells the body of the fcetus 
is developed. Tlie entoderm, with tlic visceral or lower layer of the 
mesoderm, turns downward and inward to meet its fellow of the 
opposite side and form the alimentary tract. The ectoderm and 
parietal or upper layer of the mesoderm also turn downwanl and in- 
ward, outside of the alimentary tube, and join those of the other side 
to form the walls of the body. 

Meanwhile, the upjx'r surface of the ectoderm over the axis of the 
embrj'o becomes furrowed. The c<Iges of this furrow grow upward, 
deepening the groove between them, and finally arch over it and 
coalesce, forming a canal around which the central nervous system 
is developed (Fig, 5). Traces of thiH ranal jiert-ist through life as 
the ct'ntral canal of the spinal cord and the ventricles of tlie brain. 

The embrj-onic layers have a dci'iHT signiiicinice than the mere 
furni.shing of the architectural nialcrials from which the liody is 
built up. They arc evidences of a distinct ditliTcntiation in the 
development of the cells of whiih they arc cnniposcd. The ecto- 
derm gives rise to the funciioiial imrl of the nervous system and to 
the epithelial structures of the skin imd its apiM'n(Iiifr<'s. The cells 
of the mesoderm elaborate the nuisciilar tissues and that great group 
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known as the connective tissues, and the entoderm contains the 
cells that build up the linings of the digestive tract, including ita 
glands, and of the respiratory organs. It appears, then, that this 
division of the cells of the embryo into three layers marks a dis- 
tinct difference in the destinies of the cells composing those layers. 
This distinction persists through life, the tissues arising from a given 
layer showing, in general, a closer relationship to each other than 
the tissues arising from different layers. But this relationship is 
not always revealed by a similarity in structure, for the latter is 
determined by the functions the tissues are destined to perform, 
and tissues of like function acquire a similarity in structure. Thus, 
for example, the neuroglia in the central nervous system resembles 

Fib. 5. 




Croil-Mctloa o[ flib embiTO. (Zlegler.) a, neural canal, celli enclasliig It not represenled ; 
b, chorda doraatla, ilte of faiure ■plnal colnmn: <u>, aorla : Bf. external layer of meao- 
deim ; e.t, body-CBTlty ; d. alimentary canal, not yet complelelj' cloeed ■ •, pawm 
through tbeexlemal layer of the meioderm to ila iaaeriurbce: «. deutoplaam, or yolk 



some of the connective tissues, although one develops from the 
ectoderm and the other from the mesoderm ; and the ganglion cells 
of the central nervous system diflFer greatly in structure from the 
epithelium of the skin, nails, etc., and the cells of the neuroglia, 
notwithstanding the fact that they all spring from the cells of the 
eotoilerm. The explanation is to be sought in the similarity of the 
usefulness of neuroglia and conaective tissue and the difference in 
the functions of ganglion cells and those of the other tissues eman- 
ating from the ectoderm. 

During the early stages of development the cells of the germinal 
layers are very similar in character, although, as we have seen, 
their potential qualities are quite diverse. As growth proceeds, 
they begin to vary in size, shape, and internal structure in the dif- 



%i INTRODUCTION, 

UfMii fmrtM of the foetus. Their relative positions become modi- 
ft/'/l, TIm; primitive organs are defined and the tissues of which 
ftf^y *r'? «'Jftn\^fmi become elaborated. 

"I (#^r <fI;J>^iration of the tissues is wrought by the cells, which dis- 
play wlnat iH called their formative powers in the production of 
fffkU'riaU of various sorts which lie between them, and are called 
f^9^' iot^'f'j'fllular substances. The amount and kind of intercellular 
fu\0iiMy'M vary, each form of tissue having its own peculiarities in 
f^9U rtf');|M^ft, de[)endent upon the rdle it is to play in the general 
^^'/f$$^fiuy, Kr>me of the tissues perform functions which require the 
wtjv<' ifr*M*ji^meH that can be carried on only in cells, and in these 
M^' iiiUff/s^dlular substances are either small in amount and appar- 
f^fftty itlfiK'tureless, as in epithelium, or their place is taken by a 
U^^i^: 'ff •i'^jiarate origin, while the cells, relieved of the necessity 
fof i'KJfriitiing their formative powers in this direction, become 
ht/Uiy i^iti^tiiilized to meet the functional demands imposed upon 
^if^m. This development is met with in the muscular and nervous 

Oiin:r tissues of the body are of use mainly because of their 
f4*y^h'iil |/ro|)ertie8, such as rigidity, elasticity, tensile strength, plia- 
htH^y, <'^'^ These tissues, collectively called the connective tissues, 
iifi i'fjf^'itimlly passive. They require little or no cellular activity 
fof M^' i^^'ifi/rirmnce of their functions, and it is in the elaboration 
t/f lifS'fA' iifitim*ti that the cells exercise their most marked formative 
iy/w< i> 'luiiiig the development of the body, causing the deposition 
*ft i$$u rrj'Unliiv Hubstances which possess the requisite physical char- 
iij'Utr I'iprMlity and elasticity in the ease of bone, pliability and ten- 
rili- rinit^iU ill iUt* ratai of ligamentous structures, etc. As these 
rttitriuitt'df .'iH' |K'H<'''U'd, the cells decrease in activity, until they 
i$ti'n\y j/pj-id*' ov< r IIm? iiiU»^rity of the intercellular substances they 
hijv«' liln'udy pnKlur^'il. 

1 1 limy \n' wt'll fii point out here a distinction that divides the 
fi.-.-ijr.. of Jirfiv ri'lliil.'ir fiinrtiou into two groups. The first group, 
ini lii'UiHf iIm' viuioii- HMHlifications of epithelium, <lisplays its ac- 
fi\ify ill iIh' I'lMlioiafioii of inatiTial ])ro(lucts, taking the form of 
riflM r iH vv *•< 11- wliirli an- rontiiiiially bring produced, or of certain 
I'lMiiiiijil Mih-ljiiiri':- vvlii<|i apjK'ap as a secretion. The second 
j/roii|», *oiii|in.-ifi^; iIm' niiiMtiilar and nervous tissues, exercises its 
fiinclionjil Jirtiviliiv^ in the storage of latent energy in such sub- 
^laiK'i^ of im^'l.'iMi* rlHiiiical nature and in such a manner that it 
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can be liberated when required and directed towanl the accomplish- 
ment of some definite purpose. The functions of both groups 
require an active intracellular metabolism, resulting in the forma- 
tion of particular chemical substances. In this they are alike. 
But in the first group the production of those substances is, in 
itself, the functional purpose of the process, while in the second 
group those substances are merely a means for holding energy in 
the latent condition. If we may so express ourselves, the first 
group utilizes energy for the elaboration of material, the second 
group elaborates material for the utilization of energy. 

In the adult, under normal conditions, each kind of cell, if it 
reproduce at all, gives rise to cells only of its own kind. But when 
the conditions are morbid, a sort of reversion may take place, the 
progeny of a given cell then showing less evidence of specialization 
than the parent cell. Such reverted cells, or their descendants, may 
never develop into more specialized cells, or they may regain the 
original degree of specialization possessed by the first cell, or, fin- 
ally, they may become specialized along some divergent line of devel- 
opment, giving rise to a tissue that is nearly or remotely akin to 
that from which they started, according to the degree of reversion 
which has taken place. The reversion appears never to extend 
further back than the degree of specialization that is marked by 
the formation of the three embryonic layers in the history of devel- 
opment; for example, epithelium which springs from either the 
entoderm or ectoderm does not revert to a primitive condition from 
which it can develop into bone or some other form of connective 
tissue normally derived from the mesoderm. Examples of rever- 
sion will be met with in the chapters on Inflammation, Tumors, and 
Metaplasia. 
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CHAPTER I. 
THE CELL. 



As has been stated in the introductory chapter, the cells of the 
body are not all alike. Most of them have undergone modifications 
fitting them for the performance of some definite function, and the 
majority of them are in consequence not appropriate objects for a 
study of the general characters of a cell. The extent to which this 
modification has aflTected the visible structure of the cell is, how- 
ever, very different in the different tissues, and in some of them the 
cells retain so much of their original embryonic appearance as to 
closely resemble the unspecialized cell. 

This is true of the cells of some varieties of epithelium. But, 
though in appearance they give little evidence of specialization, in 
their functional activities they display very marked modifications of 
the powers of the primitive cell. Some of those powers, perhaps 
the mUritivCy perhaps the secretory, have become exaggerated, while 
others, e. g,, the locomotory, or reproductive, have fallen into abey- 
ance, or suffered almost total extinction. 

On the other hand, it is obvious that such cells as constitute the 
whole body of unicellular animals must retain all the powers essen- 
tial to a living cell in relatively equal states of development. No 
one of them can be extinguished or thrown out of its proper bal- 
ance with respect to the others if the cell is to remain normal. 
And yet, even among the unicellular organisms, certain parts of the 
cell may be very evidently specialized for the performance of par- 
ticular functions. For example, the cilia of infusoria have the 
power of executing much more rapid movements than the other 
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parts of the same cell. And it is probable that all protozoa^ t. e. 
unicellular animals, }K)ssess similar, though less obvious and in- 
ternal, heterogeneity of constitution. 

The less the degree of specialization or differentiation in the 
structure of an organism, the less highly developed is the functional 
activity of which it is capable, and the less perfect its ability to 
cope with possible unfavorable environment. The value to the 
whole organism of a diversity in its parts is, therefore, unquestion- 
able, and the higher we go in the animal kingdom, the greater we 
find the development of this diversity, coupled with a more and 
more perfectly adjusted co-operative interdependence of the differ- 
ent parts of the body. 

In the protozoa the single cell does all the work of the whole 
organism. In the multicellular animals, the metazoa, this work is 
distributed among the component cells of the body, each of which 
has developed an efficiency for performing its special work that 
would be incompatible with a wider range of duties. 

It is quite impossible to find in nature any example of a cell 
devoid of all individual peculiarities attributable to differentiation 
or specialization. We must, therefore, study several varieties of 

Fig. 6. 




Amurlm inMliicidu. (FrLUztl.) n, ectoplasm ; b, cndoplusm ; r, nucleus ; d, nucleolus ; f, largo 
coutraetile vacuole ; /, incori>oratc<l foreign body; g,<j, pseudopodia. 

cell in order to gain an ideal conception of such a cell. This accom- 
pli.slie<l, we may consider those cells which occur in nature as special 
nKMlitications of that tyjie. 

Perhaps the simplest cell leadinj^ an indc'pendent existence is the 
protozoon, anueba (Fig. G). Tliis animal is widely distributed in 
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moist earth, upon the surfaces of aquatic plants, and in the soil at 
the margins of ponds and sluggish streams. 

The body of the amoeba consists of a gelatinoid substance which 
has received the name protoplasm, or, more definitely, cytoplasm. 
Within this cytoplasm and sharply defined from it is a round or 
oval, vesicular body, called the nucleus, which in turn contains one 
or more particularly conspicuous granules, the nucleoli. 

The most superficial layer of the cytoplasm appears perfectly 
clear, colorless, and homogeneous. It envelops the rest of the cyto- 
plasm, which has a granular appearance. The clear peripheral 
portion is distinguished as the " hyaloplasm," or " ectoplasm ;" the 
granular internal portion as " spongioplasm," or "endoplasm." 
The terms hyaloplasm and spongioplasm are also used in a different 
and more restricted sense, as will presently appear. 

When viewed under the microscoj^e, the granules of the cyto- 
plasm are seen to possess a constant, slight, vibratile motion, the 
Brownian movement, to which is added now and then a flowing 
movement from one part of the cell to another. At intervals there 
is a protrusion of the ectoplasm at some point, extending for some 
distance from the body of the cell, a pseudopodium. This may soon 
be retracted again, merging with the rest of the ectoplasm, or some 
of the endoplasm may flow into the central portion of the pseudo- 
podium, converting it into a broad extension of the cell-body. This 
may subsequently be withdrawn, or the whole mass of cytoplasm, 
with the nucleus, may flow into the pseudopodium, gradually in- 
creasing its size, until the whole cell occupies the original site of the 
pseudopodium. In this way the animal executes a slow, creeping 
locomotion. 

These pseudopodial movements and the locomotion occasionally 
incident to them appear to be wholly spontaneous, i. e. dependent 
upon internal conditions of which we have no knowledge. They 
may, however, be influenced by external circumstances. Certain sub- 
stances evidently attract the amoeba, others are either matters of in- 
difference to it or repel it. If a pseudopodium comes in contact with 
some particle in the surrounding medium, it may retreat from it, 
appear indifferent to it, or be attracted and proceed to incorporate 
it. This is accomplished by the cytoplasm flowing around the for- 
eign body and coalescing on its further side so as to enclose it. It 
is then conveyed to the body of the cell, either by cytoplasmic cur- 
rents, by the withdrawal of the pseudopodium containing it, or 
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hy the streamii^ of the oeI14M)dv into that piatmsioii. The 
fate of the particle thus incorporated depends opon its nature. 
If it be ser\'iceable as food, it is gradually digested and ah- 
sorl>edy or such parts of it as are digestible are so utilised, and 
the remainder, no longer of use to the amo&ba, is extruded from 
its bodv. 

The?fe phenomena reveal powers of perception and selection on 
the ])art of this cell which are very closely akin to the intelligence 
of more complex organisms. They also demonstrate its power of 
assimilating material from without, to serve as nourishment and the 
source of the energy which it expends in executii^ its movements 
and in carrying on the chemical processes pertaining to its internal 

economy. 

At intervals, there appears within the endoplasm a small, clear, 
spherical spot. This gradually increases in size and constitutes a 
little drop of fluid, sharply defined from the surrounding cytoplasm. 
After it has attained a certain size, it suddenly disappears, the cyto- 
plasm around it coalescing and leaving no trace of its existence. 
Such a clear space, filled with fluid, within the body of a cell is 
called a vacuole, and those which are suddenly obliterated, contrac- 
tile vacuoles. Their purpose is not clearly understood, but prob- 
ably has to do with a primitive circulatory or respiratory function, 
since contractile vacuoles are not observed in the cells of higher 
organisms whore those functions are carried on by more elaborate 
mechanisms. 

Eventually the amceba reproduces its kind by dividing into two 
similar cells, each of which grows into a likeness to the parent 
individual. 

Lot us now compare the amoeba with some other varieties of cell, 
in order to learn what they all have in common. 

The amoeba has an outer, soft, transparent layer of cytoplasm, 
the ectoplasm. This is not present in all cells. In many the 
ji^niniilar cytoplasm has no onv<*lopo, hut appears to be (jiiite naked. 
In other varieties it is onclosod in a distiuot nionihrane. 

In th(» f^reat majority of colls the aotivo stroaniin^ji; of the cyto- 
plasm and the ])sondop(>dial ])rotriisi()ns dosoril)od in the amoeba are 
wantin|;j, but the Brownian movoinont of the t^rannlos is more oon- 
stiintly j)rosont. The colls have Hxod positions and thoir food is 
broujijht to tiiom, usually in solutiou, so tiiat tlio more ac^tivo niovo- 
ments so essential to the welfare of the anueba would bo su|K'rtiuous. 



THE CELL. 31 

For a similar reason, as already intimated, they can diepense with 
the contractile vacuole. 

We leam, then, that when we reduce the cell to its simplest 
terms, it consists of a mass of cytoplasm enclosing a nucleus. To 
these we must probably add a third essential constituent, the centro- 
some, which is a minute grauule situated in the cytoplasm. It is so 
smalt that its presence has not been established in all cells, its detec- 
tion in many cells being extremely difBcult because of the general 
granular appearance of the cytoplasm in which it lies. It plays such 
an important part, however, in the division of those cells in which 
it has been studied, that the inference that it is an essential part of 
all cells appears justified. 

These* three constituents, the cytoplasm, nucleus, and centrosome, 
appear to be the essential organs of a cell among which its activities 
are distributed (Fig. 7). We do not know how they do their work, 

Fio. 7. 




HchemHtIc dlogism ot a cell : a. ecEoplMm componed of hyaloplum : b, spongioplum : e, 
chromowme, composed of "chromatlD." &nd formliig a part of the Iniranucleai relicu- 
lum : betveen theie cbromatlc flbrca la Ihe acbTomatin : d. h; aloplasm In the meehes of 
the spoDgloplBam ; e, one of the two nucleoli represented In the dUfrttia ; /, one of eight 
bodies coiutltutlDg Ihe metaplMm repreeenled : g, cenlrDBome. with radiate anaiigem«iit 
of the anrroundlng spongioplum ; A, nuclear membrane. 

but we have a general conception of the distribution of the work 
performed by the whole cell among these three organs. 
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1. The cytoplasm, which usually makes up the chief bulk of the 
cell, especially in those varieties which have active metabolic functions^ 
appears to be the part of the cell in which the assimilated food is utilized 
in the production of chemical substances, either fresh cytoplasm or 
some other product, or in the execution of movements or the libe- 
ration of energy in other forms. Most of the active processes that 
are obvious seem to be carried on in the cytoplasm during the greater 
part of the life-histor}' of the cell. 

2. The nucleus appears to preside over the assimilative processes 
within the cell. If a cell be subdivided so that the uninjured nu- 
cleus is retained in one of the portions, that portion may grow and 
become a perfect cell. But the portions that are deprived of a nu- 
cleus do not grow, and while they may retain life for a considerable 
time, utilizing the assimilated food they retain, eventually perish. 

Aside from this assimilative function, the nucleus appears to be 
the carrier of hereditary characters from the parent cell to its prog- 
eny during the division of the cell. This will become clearer when 
the process of cell-division is described. 

3. The centrosorae appears to be the organ presiding over the 
division of the cell. It inaugurates those activities in nucleus and 
cytoplasm which result in the production of new cells, and seems to 
guide them, at least during the greater part of the whole process. 

It is evident, from these statements, that the cell has an exceed- 
ingly complex organization, which a simple microscopical study can- 
not wholly reveal. Notwithstanding this fact, obvious microscopical 
differences are presented by cells which have become specialized in 
different directions, and we must know something of the visible 
structure of the primitive cell before we can appreciate these depart- 
ures from it. 

The cytoplasm is not a simple substance. Its constitution is so com- 
plex that our present means of reseanih are not adequate to reveal 
its structure. We know that its solid constituents are chiefly pro- 
toids, together witli relatively small (juantities of carhoimlrates, fats, 
and salts. To these is added a lar<re proportion of water which, 
while not entering into a definite eheinieal union with the other 
constituents, is so intimately associated with them as to form an 
integml part of the eytoplasni. 

The visible structure of cytoplasm diifers somewhat in different 
cells, even amon<^ those that appear to be comparatively unspecial- 
ized. In the fixed cells of the higher animals and man it apj)ears 
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to consist of a very delicate network or reticulum of minute fibres, 
termed the spongioplasm. The points of junction of these fibres 
and their optical cross-sections give a finely granular appearance to 
the cytoplasm. 

In the meshes of the spongioplasm is a clear, homogeneous sub- 
stance, the hyaloplasm. This may also contain some granules, but 
they are probably not constituent parts of the cytoplasm and are 
grouped under the term metaplasm. Some of them are composed 
of material taken from without, either in their original form or 
slightly modified ; others have been produced within the cell by 
chemical transformations, and are either useful products, to be sub- 
sequently turned to account by the cell itself or to be discharged as 
a secretion, or they are waste matter destined for elimination from 
the body. 

The relative proportions of the hyaloplasm and the spongioplasm 
and the arrangement of the fibres of the latter both vary in differ- 
ent cells.' 

When seen under the microscope the structure of the nucleus, 
except during the division of the cell, closely resembles that of the 
cytoplasm. It is traversed by a number of delicate fibres, which 
branch and give the nucleus a reticulated appearance. At its sur- 
face these filaments unite to form a delicate membranous envelope, 
sharply defining the nucleus from the surrounding cytoplasm, but 
it is a question whether this membrane is continuous, or whether it 
is an exceedingly close meshwork with minute apertures permitting 
a direct communication between the cytoplasm and the interior of 
the nucleus. 

The spaces between the nuclear filaments are occupied by a clear, 
homogeneous substance, which may be identical and continuous with 
the hyaloplasm of the rest of the cell. 

One or more highly refracting bodies, the nucleoli, may be pres- 
ent in the nucleus, lying freely in the clear substance between the 
filaments or attached to the latter. Their purpose is not known, 
but it is thought that they are not essential parts of the cell but 
correspond more or less closely to the metaplasm in the cell-body. 

* The reticulated appearance of the cytoplasm may also be explained by assum- 
ing it to have an alveolar structure, and the theory that such is its actual structure 
possesses much plausibility. In that case the visible reticulum would be formed by 
the walls of the alveoli and their lines and points of intersection, all of which 
would be included in the spongioplasm, while the contents of the alveoli would 
constitute the hyaloplasm. 
3 
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Owing to their aflBiiity for certain coloring matters, the Biibatanoes 
composing the niiclear filaments are called chromatin, or chromo- 
plasm. The hyaline substancee making up the rest nf the nucleus 
do not receive those coloring matters, and for this reason and in 
this situation are called achromatin. These terms are only used in 
a morphological sense and do not specify any definite chemical com- 
pounds. The behavior of the nucleoli toward dyes is somewhat 
different from that of the chromoplasm, which leads to the inference 
that they are of a different chemical nature. 

Except during cell-division, the nucleus usually lies quiescent 
within the cytoplasm, but some oljservcrs have seen it execute ap- 
parently spontaneous movements, and it is evidently possible for its 
position in the cell to vary from time to time. 

In marked contrast to this apparently dormant state, as far as 
visible alterations of structure are concerned, is the rOle played by 
tlie nucleus during the reproduction of the cell. 

There are two modes of cell -division, the "indirect" and the 
" direct," but they are by no means equivalent to each other. Tiie 
former, also termed karyokinesi.s because of the active changes in 
the nucleuB, appears to be the only truly reproductive process. 
Direct cell-division results in the formation of new cells, but they 
seem to lack that perfection of ot^nization which would be required 
for the complete and indefinite transmission of all the characters of 
the parent cells. 

Before entering into a description of karyokinesis, a few words 
must be said concerning the ccntrosome. This is an extremely min- 
ute granule which is usually situated in the cytoplasm not far from 
the nucleus. It ia often surrounded by a thin zone of hyaloplasm 
which facilitates its recognition among the fibres and nodal points 
of union of the spongioplasm. The fibres of the latter are also fre- 
quently arranged in a radial manner for a short distance around the 
centrosome. But in many instances it is extremely ditiicult to dis- 
tinguish the centrosome, and its constant presence in cells is largely 
a matter of inference. Sometimes the centrosome is double, the 
two granules lying close to each other and often being surrounded 
by n common clear zuiie of hyaloplasm. 

The first Btep in the process of cell-division by the indirect method, 
or karj-okinesis, is a division of the centrosome into halves (Fig. 
]5), which separate and pass to opjKisite points in the cytoplasm. 
These points are calkil the jioles of the cell, and when the new cen- 
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trosomea reach them they are called the polar bodies. In these situa- 
tions they are surrounded by a more distinct zone of hyaloplasm 
than that which enclosed the original parent centrosome, and beyond 
this the spongioplasm is frequently arranged in radiations of unusu- 
ally thick fibres. The polar bodies with their clear envelopes and 
the prominent radiations about them are collectively known as the 
attraction-spheres (Fig. 8). 
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mviaineceUrromovaiaotaacariimegaioreplialat. (KoetHneeklBnilSledlGCkl,) a.poUrbody, 
cenlrosome, surrounded by a clear one ; b, chtojootijinea of the dividing nucleus. Be- 
tween Ibe polar bodies is (he achromHtic spindle, and radiatlag rrom each attraellon- 
Bpbere are delicate filamenU or bpougioplasm. The cytoplasm presents ladicalions or 
TacuoUllon, 

While the polar bodies are separating, or after they have passed 
into the polar regions of the cell, the nucleus begins to show those 
changes in structure which constitute karyokinesis. This process 
may be divided into a number of phases, as follows : 

1. The Fonnatioii of the Spirem (Fig. 9). — This consists in a con- 
densation of the chromoplasm. The branches of the nuclear fila- 
ments are withdrawn into the substance of the main fibres, into 
which the nuclear membrane or peripheral network bounding the 
nucleus is also absorbed. The vesicular character of the nucleus is 
lost during these changes in the arrangement of the chromoplasm, 
which appears as a loose tangle or skein of one or more threads 
of uniform diameter lying freely in the body of the cell. This 
skein is called the spirem. The chromoplasm in this condensed con- 
dition stains more deeply with nuclear dyes than in the resting con- 
dition of the nucleus. The nucleoli in the meantime become faint 
and seem to ultimately disappear. They play no part in the process 
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'Oiai^\aiDS MlrisIrnllDi; ttiB ph&ssa of ktlTTUklUMla. [Flvmmiog.J 
Fig. e.-Spirom. 
Fig. 10,— Honuter 
fig. U.-MBtBklni'ili. early aUge. 
Fig. IZ.— Meuklnoal*. Isle iU|». 
Fig, IS.— DlMler, 
Fig. H.— Dtiplrem 

Theacbromalli^splTiiIlir Is represealvd, but not the cenlTosumea (polir <HHlltB). Tbe ccU- 
body li alto omltwd. 
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of cell-division, unless they participate in the formation of the 
ftohroniatic spindle. 

2. The Monaster Phase (Fig. 10).— The threads of the spirem 
suSer a rearrangement, resulting in the formation of a sort of 
wreath, situated midway between the poles, in the equatorial plane, 
i. e., the plane perpendicular to and passing through the centre 
of a line joining the two polar bodies. This wreath is called the 
monaster, because of its star-like configuration when seen from 
above. When viewed in profile it appears as a band of fibres lying 
in the equator. It is at first made up of a single thread or only a 
few threads, but subsequently breaks into a number of similar frag- 
ments, called chromosomes. The exact number of these varies in 
diderent species of animal, but is constant for each species and is 
always divisible by two. In man it is thought to be sixteen. 

The chromosomes are all of nearly, if not quite, the same size, 
and, in the same kind of cell, closely resemble each other in shape. 
The most common form appears to be a V-shaped rod lying with 
its angle directed toward the centre of the wreath or monaster. 

3. HetaldiieslB (Figs. 11,12, 16).— In this phase of karyokinesis 

Fio. 15. Fio. 16. 





Karyotlnetlc figures In epllhellal cent. From a carclnom* removed by operation (Luitlg 



Fig. 1.1.— The ceDtrosome has divided, but Ihe nucleui ta still in the resting condition. 
Five nucleoli are repreiented wlthla the nucleui. 

Fig. 16.— Metakinesls. The polar bodies have divided. 

the chromosomes split along their axes into two exactly equal parts 
of similar shape, and these halves separate, each passing toward 
one of the attraction-spheres. 

Meanwhile, the structure known as the achromatic spindle has 
been formed. This is a system of fibres resembling those that have 
already been described as radiating from the polar bodies, but of 
even greater prominence. They are arranged to form a spindle 
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with its apices at the jx>lar bodies nnd it:^ equator coiaeideat with 
that of the cell and the plane of the monaster. 

It 18 along the lines of this spindle that the chromosomes travel 
toward tiie centres of the attraction -spheres occupied by the [Kilar 
bodies. 

The phases of karjokinesis that follow metakinesi^ are similar to 
those tliat preceded it, bnt iwcur in inverse order. 

4. The Diaster Phase (Fig. 13). — The chromosomes, having 
reached the attraction-spheres, group themselves around the polar 
body to form a wreath on a plane perpendicular to the axis joining 
the poles. These wroaths, with the achromatic tipindic, have au 
appearance somewhat resembling the letter H, with a long cross- 
piece, formed bv the spindle, remaining uiicolored or only faintly 
tinged by nuclear dyes, while the uprights, made up of the chromo- 
somes, are deeply stained. 

The ends of the chromosomes now unite to form a thread, and 
the wreath-like arrangement gradually passes into that of the 
dispirem. 

5, Dispirem (Figs. 14 and 17). — The halves of the ongiual chro- 
raoplasm of the nucleus are now arranged in two skeins about the 
poles. From these the two daughter- nuclei of the fntnre cells are 
formeil (Fig, 18). 





Fig. 17.— Diiplretn. In this case the poUt bodies have not divliloil (comp»ro Fig. IS). 

Pig. IH.—llauKlil'T'iiiiL'Ir-l which hare Dearly rekched their full derelopmenl. Conlnsomai 

presunl Id the cytoplMm. 
In tlicai' llgMrvelhe tlmclureof the cjtoplum l> not given. 

During metakinesis the cytoplasm of the cell begins to show 
signs of division. This may be accomplished through a constric- 
tiou of the body of the cell, which gradually becomes deejier and 
finally severs the two ptfftiona ; or a scries of punctiform or short 
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linear enlargenieDts of the lines of the achromatic spiniJle appear 
in its equator, and through these a plane of cleavage, dividing the 
two new cells from each other, is finally established. 

It is rarely that any biological process assumes sucli mathemat- 
ical precision as is displayed in karyokinesis. The purpose of that 
mode of cell-division appears to be an exactly equal partition of 
all parts of the chromoplaam between the young cells. Whether 
the amount of cytoplasm given to the daughter-cells is the same 
or different, the division of the chromoplasm is exactly equal, not 
only in its whole bulk, but each chromosome, which appears to be 
the morphological unit of the chromoplasm, la split into exactly 
equivalent halves, one of which is contributed to the formation of 
each dangliter-nucleus. It is for this reason that the chromoplasm 
is looked upon as the carrier of hereditary peculiarities. 

After .the formation of the daughter-nuclei, the centrosome 
usually passes from it into the cytoplasm. It may divide earlier 
than has been described, the division taking place while it exists 
as the polar body, or even earlier (Fig. 16). 

A cell nearly always divides to form two new cells, but some- 
times three or more cells may be produced, the chromosomes being 
distributed among them {Fig. 19). Such cases are probably 




Epllhellal cell from acftrclnoms. (Gftleolti.) The centrosome htt divided Into four poitiom, 
and the chtomoiomei are smingcd with reference to these. The flgnre represents the meta- 
klnellc phaee of karjoklne^li, which will result In the formation of fOut Imperlflct 

always morbid, and the resulting cells are not wholly the equiv- 
alents of the parent ceil. 

It occasionally happens that the cytoplasm fails to divide after 
the formation of the daughter-niiclei, and cells with two or more 
nuclei result. When the nuclei continue to multiply and the 
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cytoplasm increases in amount, but does not suffer division, lai^e 
multinucleated cells are produced, which have been called " giant- 
cells." They occur nonnally in the marrow of bone and are pro- 
duced in many of the inflammatory processes. 

The direct or amitotic method of coll-division is inaugurated by 
an active change in the shape of the nucleus, which may have pre- 
viously increased in size and become richer in chromnplasm. The 
nucleus becomeB constricted and finally separated into two portions, 
which are not necessarily equally rich in chromoplasm. The cyto- 
plasm, either at tlie same time or later, becomes similarly con- 
strictfid until it is divided into two parts, each containing one of 
the nuclear divisions (Figs. 20, 21, 22). 






Amitotic cell-dlTlilon. (FlemminR.) EpIthell&I cella fnim tbe bladder or a salamander. 

Flg». 20 and 21 contain nuclei with conMrlctlon* dividing them Into nearly equal porlluns. 

Pig. 12.— Contlgaoas cella. each conlainfUR a nucleuB about hair the alie of those preTalUnj; 

In tbe tlnue, and. therefore, probably the result of cell-dlTlilon by the direct proceu. 

It is believed that this mode of division does not result in the 
formation of cells that have the complete character of the parent- 
cell, and that their descendants form a degenerate race that is 
destined to extinction. It is quite obvious that no such precise 
partition of the chromatic substance is likely to take place as that 
which is characteristic of karyokinesis, and if the chromosomes are 
i-eally the carriers of hereditary peculiarities, this mode of division 
can hardly favor their perfect transmission. 



CHAPTER II. 

THE ELEMENTARY TISSUES. 

The various parts of the body are composed of a small number of 
" elementary tissues." Each of these elementary tissues has a definite 
structure, but the details of that structure may vary within certain lim- 
its in different parts of the same mass or in different situations within 
the body. Such variations can usually be referred to differences in the 
functional activity assigned to the tissue, which is not always exactly 
the same throughout the body. For example, epithelium is an ele- 
mentary tissue consisting of cells which are nearly always rich in 
cytoplasm and are separated from each other by a very small amount 
of homogeneous intercellular substance. Wherever epithelium is 
found it has these general peculiarities of structure. But the func- 
tions demanded of epithelium are of widely diverse character in 
different situations, and its structure shows a corresponding diversity 
in its details. The fact that it is made up almost exclusively of 
cells leads to the natural inference that the usefulness of epithelium 
depends upon cellular activities. Inasmuch as these may be of 
very different character, we should expect the tissue to vary chiefly 
in the structure and arrangement of its component cells according 
to the particular activity which was needed and the manner in 
which it was utilized. Such, as a matter of fact, is the case. These 
considerations will be made clearer if we follow a little more closely 
the example offered by epithelium. 

In some situations epithelium serves to protect the underlying 
tissues from injury. But the usual injurious influences which 
threaten the tissues differ in different parts of the body, and 
must, therefore, be averted by different means. Upon the sur- 
face of the skin they are chiefly of a mechanical or chemical 
nature, and to resist them the cells of the epithelium forming the 
epidermis undergo a modification in structure, resulting in the 
formation of a superficial horny layer which is highly resistant to 
abrasion and chemical change. Upon the inner surfaces of the 
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respiratory paasagea the conditions are different. Here the tissues 
require protection from particles of dust that may be inhale<l. Fop 
thiN purpose the epithelial cells lining those passages are provi<led 
with minute, hair-like processes, "cilia," which execute lashing move- 
ments toward the outlets of the passages and occasion the transpor- 
tation of substances coming into contact with them toward the 
outer world. In the digestive tract the conditions are again differ- 
ent. The tissues underlying the epithelial lining need protec- 
tion from the chemical action of the fluids in the stomach and intes- 
tine, as well as from friction with their solid contents. The celk 
of the epithelium meet these needs by a secretion of mucus, which 
is discharged upon the inner surfaces of the digestive organs, where 
it serves as a protective layer and as a lubricant. 

In other situations epithelium has an excretory function, which is 
less clearly of \'alue in protecting its immediate surroundings, but 
is essenlial for the protection of the whole oi^nisni from substances 
which would exert an injurious effect if they were permitted to ac- 
cumulate in the circulating fluids of the body. These substances 
are absorbed from those fluids by epithelial cells, from which they 
are discharged from the body either unchanged or after transforma- 
tion into other chemical compounds. Here the most obvious pnid- 
ucts of cellular activity are of no use in the economy, and are elim- 
inated from it ; but it is not improbable that the cells which separate 
them or their antecedents from the circulating fluids may also 
discharge useful substances into those fluids ("internal secretion"). 
We must not assume that the most obvious function exercised by a 
tissue is the only service it does to the organism. 

The epithelium which carries on this eliminative function is nearly 
always associated with other elementary tissues to form an oi^n, 
called a "gland," in which the epithelium is the functionally active 
tissue, the other tissues being subservient to it. The glands of the 
body differ considerably in both structure and function, but in all 
of them it is epithelium which elaborates the materials essential to 
the formation of their normal secretions. Mention has already 
been made of those glands which furnish secretions charged with 
waste materials to be eliminated from the body. Such glands are 
called excretory glands, and are exemplified by the kidney. Other 
glands, distingut shell as secretory in a restricted sense, furnish secre- 
tions which are of service to the organism. Examples of such 
glands are those which discharge their secretions into the alimentary 
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tract where, by virtue of the ferments they contain, they prepare 
the food for absorption. Another example of a secretory gland is 
furnished by the sebaceous glands of the skin, which produce an 
oily substance serving to keep the epidermis upon which it is 
discharged soft and pliable. 

In the secretory glands the cells of the functional epithelium 
elaborate within their bodies the substances necessary to give the 
glandular secretion its peculiar and useful characters. These sub- 
stances accumulate within the cells, where they are stored until 
required, when they are discharged into the secretion. While in 
the stored condition within the cells these substances may have a 
different chemical constitution from that which they acquire when 
they are discharged from the cells. A simple example of this 
chemical transformation is furnished by the liver, in the epithelial 
cells of which carbohydrates are stored as glycogen, to be liberated 
as a closely related chemical substance, glucose. In like manner 
the ferments stored in the epithelial cells of the digestive glands 
are not fully formed while in that situation, but exist in states 
known as " zymogens," from which the potent ferment appears to 
be readily formed when the cells are called upon to furnish it. 

It is apparent, then, that the elementary tissue, epithelium, can- 
not have the same microscopical structure in all the situations in 
which it is found ; but, notwithstanding these variations, wherever 
epithelium occurs it presents certain general structural peculiarities 
which are constant and which distinguish it from the other element- 
ary tissues. Similarly, each of the other elementary tissues pre- 
sents variations in the details of its structure in different situations, 
but always retains certain general structural characteristics dis- 
tinguishing it from all the other elementary tissues. It is the first 
task of the student of histology to learn to recognize and identify 
these elementary tissues wherever they occur and however they may 
vary from the type which is first presented to him for study. 

In the following chapters an attempt is made to give the student 
an idea of the essential structure of the elementary tissues, so that 
he may recognize them in specimens which he examines with the 
microscope. For this purpose they have been arranged in the 
order of their structural simplicity. 

When examining a specimen under the microscope with a view 
to recognizing the elementary tissues it contains, the student should 
habitually ask himself the following questions : (1) What are the 
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general characters of the cells entering into the structure of the 
tissue ? (2) What kind of intercellular substances separates those 
cells ? (3) How are the cells arranged with reference to each other 
and the intercellular substances? Correct answers to these three 
questions will enable him to quickly determine the nature of the 
tissue he is observing, even if it should vary considerably in struct- 
ural details from examples of the same tissue with which he has 
already become familiar. 



CHAPTER III. 
THE EPITHELIAL TISSUES.* 

I. ENDOTHELIUM. 

General Oharacters. — (1) The cells possess thin membranous bodies, 
except at the site of the nucleus, to enclose which the cell-body is 
thickened. (2) The intercellular substance is minimal in amount; 
clear and homogeneous in character. (3) The cells are arranged, 
edge to edge, in a single layer. The wavy or denticulate edges of 
neighboring cells fit into each other, being separated by a mere line 
of the intercellular substance which in this tissue has received the 
name of " cement-substance " (Fig. 23). 

Endothelium forms a thin membranous tissue composed almost 
exclusively of cells. It occurs in its most isolated form in the cap- 
illary bloodvessels, the walls of which are simply tubes of endo- 
thelium, supported externally by the surrounding tissues and fluids 
and internally by the enclosed blood. It also covers the tissues 
surrounding the serous cavities of the body, where it serves both as 
a lining to the cavities and a smooth covering to the organs, dimin- 
ishing the friction resulting from their movements against each 
other. It does not occur in any situation where it would be exposed 
directly to the external world. 

The cells of endothelium vary somewhat in size and shape. They 
may be polygonal, diamond, or stellate in form, and during life are 
soft and extensible so that their sizes may be modified by stretching 
or tension in one or more directions. The cell-bodies, or cytoplasm, 
are usually clear and apparently structureless or only slightly granu- 
lar, but occasionally some of the cells are smaller and more granular 
than the majority. This is especially marked in the cells surround- 
ing minute apertures that are found here and there in the endo- 

* The term " epithelial " is usetl here in its most inclusive sense to designate 
those tissues which cover surfaces, whether those surfaces are exposed to the outer 
world, as, for example, the skin and the mucous membranes, or are wholly enclosed^ 
as are the inner surfaces of the bloodvessels, lymphatics, and serous surfaces. 

45 



46 NORMAL HISTOLOGY. 

thelial lining of the nentus cavities (Fig. 24). These openings ore 
called stomatu and furnish a direct communication between the se- 
rous cavities and tlie lymphatic spact's in the tissues surrounding 
them. These openings virtually convert the serous cavities into 
enormous lymph-spaces forming a [jart of the general lymphatic 
ijystem. 

Fio. 23. 
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The edges of contiguous endotlielial cells are not eveiywherc in 
equally close approximation to each other (Fig. 25). The occasional 
points where they are more widely separated than usual are occu- 
pied either by an increased amount of the cemcnt-eubstance, or pi-o- 
cesscs from cells in the underlying tissues are here intercalated 
between the endothelial wells, reaching the surface of the serous 
membrane. In either case these jmints of separation of the endo- 
thelial cells are not ojienings through the tissue, though, as wc shall 
see in a subsequent chapter, they are spots where the tissue is rcla- 
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tively more pervious than elsewhere. They are called pseudostomata, 
to distinguish them from the stomata already mentioned. 
Fio. 24. 




The intercellular substance in endothelium is so sniall in amount 
and BO homogeneous and transjmrent that it escapes observation 
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under the microscope unless special means are employed for its dem- 
onstration. The simplest of these consists in treating the fresh 
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tissue with a 1 per cent, solution of nitrate of silver for a few mo- 
ments, washing with distilled water, and then exposing it to the 
rays of the sun. During this treatment the intercellular substance 
enters into combination with the silver. Upon expt)sure to strong 
light this compound is destroyed, leaving an insoluble black precipi- 
tate of silver oxide. When the specimen is examined under the 
microscope, the site of the cemenf>-substance is marked by the 
presence of tliis precipitate. Endothelium so treated shows a net- 
work of fine dark lines, the meshes of which are occupied by the 
cells of the tissue. When no such method has been employed to 
render the intercellular substance conspicuous, the outlines of the 
cells cannot be distinguished, and the tissue appears a^ a continuous, 
nearly homi^ncous membrane containing nuclei at more or less 
regular intervals. When seen in profile or vertical section, en<lo- 
theliiim appears as a delicate line, expanded at intervals to enclose a 
nucleus (Fig. 20). The nuclei of the endothelial cells are round or 
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oval, and each cell usually possesses but a single nucleus situated 
near ita centre, but occasionally cells with two nuclei are obser\'ed. 
Fimetionally, endothelium appears to play only a passive r^>le. in 
most situations in which it is found. It furnishes a smooth cover- 
ing for those internal surfaces of the body which iUT' cx|M)sed to 
friction, as, for example, in the serous cavities and the inner sur- 
faces of the va.'ifular systems. In the capillary l»loiMlvessels ami 
lymphatics endothelium forms the entire wall of tlio vessels, and 
its thinness permits the passage of fluids through those walls. The 
fact that the lympli in diflurent [Mirts of tlie l>ody varies somewhat 
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in composition has led to the inference that the endothelium of the 
capillary walls exercises an active function in determining what 
shall pass through it ; that the lymph is a sort of endothelial secre- 
tion. It is difficult, however, to reconcile this view with the fact 
that the endothelial cells are so poor in cytoplasm. 
Endothelium is developed from the mesoderm. 

n. EPITHELinM. 

• General Oharacters. — (1) The cells are nearly always large and 
rich in granular cytoplasm. They contain distinct round or oval, 
vesicular nuclei, of which there is usually only one in each cell. 
(2) The intercellular substance is very small in amount and is clear 
and homogeneous. (3) The arrangement of the cells and their size 
and shape all vary greatly, giving rise to a number of varieties of 
epithelium, which are classified according to the shape and arrange- 
ment of the cells. In pavement-epithelium the cells are thin and 
arranged in a single layer, not unlike endothelium. In cubical 
epithelium the cells are thicker and also usually arranged in but a 
single layer. In columnar epithelium the cells are prismatic in form 
and rest with their bases upon the surface of the tissues beneath. 
They are usually separated at their bases by pyramidal cells, so 
that the layer of epithelium cannot be said to consist strictly of but 
one laver of cells, and in some situations there are several distinct 
layers. In stratified epithelium the cells are superimposed upon 
each other to form a layer of cells, the thickness of which is several 
times the diameter of a single cell. The cells of the variety of epi- 
thelium called ciliated epithelium differ from those of the other 
varieties in possessing delicate, hair-like processes which project 
from the free surface of the tissue. 

Epithelium resembles endothelium in being composed almost 
exclusively of cells separated by a minimal amount of intercellular 
substance. Like endothelium, it is nearly always found covering 
other tissues and having one free surface. The two tissues differ 
greatly in the character of their cells, with one notable exception. 
This exception is found in the epithelial lining of the pulmonary 
alveoli, where the pavement-epithelium contains cells that closely 
resemble those of endothelium. These cells are, however, directly 
exposed to the inspired air, while endothelium is only found in situa- 
tions where it is protected from all contact with the external world. 

1. Cubical Epithelium. — The cells of this variety of epithelium 

4 
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are approximutelv of llie same diameter in all directions. They 
may be almost strictly cubical or spherical, but are usually polyhed- 
ral as the result of mutual compression, their contiguous surfaces 
Iffiiiig flattened. They are usually disposed in a single tfiyer upon 
a surface furnished by the underlying tissues, as, for example, in 
tubular or racemose glands, but they may be a^regated to form a 
solid mass of cells filling a sac, as in the sebaceous glands of the 
skin, or in strands or columns, variously disposed, as in the liver 
and suprarenal bodies. 

It is tills form of epithelium that is chiefly concerned in perform- 
ing the functions of secretion, and, for this reason, it is fre<|Uent]y 
designated as "glandular epithelium." 

The appearance of the incli\'idual cells varies considerably accord- 
ing to the functions that they perform and the stage of functional 
activity which obtained at the time cellular changes were arrested 
when the particular specimen was prepared for study. It will suf- 
fice for present purposes of description to call uttentiun to the fact 
that the cytoplasm is usually highly granular, partly because of its 
own structure, jrartly because many of the substances elabo- 
rated and store<l within the cells as the result of their functions 
appear in the form of granules (metaplasm). The nature of these 
granules varies. They may be albuminoid, zymogenic granules, ot 
minute dro|is of fatty substances, which may coalesce to form dis- 
tinct oily globules, or they may consist of carbohydrates, c.y., gly- 
cogen. The granular contlition of the cytoj»lasni may be so marked 
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as to render the detection of the nucleus difficult in unstained speci- 
mens {Figs. 27, 28, and 29). 

In this form of epithelium the presence of two nuclei in n single 
cell is more frequent than in the other varieties. 
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2. Favement-epitlielitim. — This VKriety of epithelium consbts of 
thin cells arranged odpc to edge to form a single layer, With the 
exception of eerkiin regions on the surfaces of the pulmonary 
alveoli, the cells are more cytoplasmic and granular than are those 
oi'endotlielium which this tissue in other respects closely resembles. 
During ftetal life the smaller air-passages and alveoli of the lung 
are lined by a ]mveraent-epithelium, the cells of which are nearly 
as thick as those of some varieties of cubical epithelium. When, 
however, the lung is expanded by the respiratory acts following 
birth, many of the cells lining the alveoli become greatly extended 
and flattened until tlieir bodies are thin and membranous and their 
nnclei incong)>iciious or even destroyed (Fig. 30). These greatly 
flattened epithelial cells are found covering those portions of the 
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alveolar walls in which the capillary bloodvessels are situated and 
permit a ready interchange of gases between the air io the alveolar 
cavities and the blood circulating in their walls. Many of the 
epithelial cells covering the tissues in the meshes between the 
capillaries retain the cytoplasmic and granular character pos-sessed 
before birth and appear capable of multiplying and, perhaps, 
replacing such of the thinner tells as may be thrown off or 
destroyed. 

It will be evident, fmni the foregoing descriptions, that there 
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19 DO sharp structural line separating cubical from pavemeot-epitfae- 
lium. FuiictioDDlly, pavement-epithelium \s a much lees acth-e 
tissue than the cubical variety, 

3. Oolnmnar EplfeheUnm (Figs. 31, 32, 33).— The cells of thia 
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form of epithelium arc of a goiiernl columnar or prismatic shape 
aii<l posde:^ a single nucleus and a cytoplasm that is usually dis- 
tinctly granular. They arc arrangcil with their long axes parallel 
to each other, so that tlieir free cutis form the surface of the epithe- 
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oval shape wliieh nuiv lie ivpinleil as imiiiatim' cells readv to take 
the i>Iacc of such fully deveh.t«tl cells as may lieemne .leta-'lieil or 
destn)yed. The presence of these cells oirasioiis a nan-owing i>f 
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the deep ends of the columnar cells, so that they are not gtrictly 
prismatic in form. In cross-section, or when viewed in a direction 
jiarallel to their long axes, the cells have a polygonal form due to 
the lateral pressure they exert upon each other (Fig. 33). 

The nuclei of the columnar cells are oval, situated nearer the 
hase of the cell than its superficial end with their long axes parallel 
to those of the cells themselves, and are vesicular in structure with 
a distinctly reticular arrangement of the chromatin filaments. 

Columnar epithelium is found chiefly upon the free surfaces of 
mucous membranes, but also occurs in some of the secreting glands. 
The minute structure of the cells varies somewhat in different situ- 
ations, but the consideration of these minulice must be deferred 
until a description of the structure of the different organs is uuder- 
taken in a subsequent chapter. 

4. Ciliated EpitheUnm (Figs. 34, 35, 36).— Ciliated epithelium 

Flo. 34. Frn. 3-^. Fio. 36. 
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Ab, cilia. 

is merely a variety of either columnar or cubical epithelium in 
which the free ends of the cells are beset with dehcate hair-like 
processes, which execute lashing movements in some one direction. 
It is found lining the trachea and bronchi, the cilia here serving to 
propel toward the larynx such particles of dust as are brought into 
the respiratory passages by the currents of air during respiration. 
Ciliated epithelium also occurs on the lining membranes of the nose 
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and the adjoining bony favitioB, ihc mucoiis membrane of the litems 
and the Fallopian tulies, the vasa efferentia of the testis and a part 
of (he epididymus, Ihe ventricles of the brain (except the fifth), the 
central canal of the spina] cord, and the ducts of some glands. 

The pot^i^easioD of eilia, which are very motile organs, presents 
a marked departure in specialization from the usual metabolic func- 
tions of epithelium. Ciliated epithelium rarely exercises a secretory 
function, it« stock of energj- being utilised to produce motion instead 
of chemical change. But there are secreting varieties of epithelium 
possessing a " cuticle " which appears to be morphologically aoal- 
ngotis to the cilia, but in which the fibrils are less highly developed, 
probably not motUe, and, therefore, functionally not the equi\-&- 
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lents of cilia. This cuticle is highly developed in the cells cover- 
ing the mucous membrane of the intestine (Fig. 37). 

o. Stratified HpitliaUum. — In the varieties of epithelium hitherto 
consiilered the cells are, in the main, disposed upon some sui*faoe 
in 11 single layer, some, at lea^t, of the cells usually extending frutn 
the bottom of the layer to it« surface. 

Stratified epithelium is distinguished from these by being of 
greater depth and consisting of several layers of cells. The epitho- 
lium lining the cheek or the oesophagus may be taken as a typical 
example of this variety. 

The mo«t deeply situated cells are small and nearly filled by the 
round or oval nucleus. They undei^ frequent division, and aa 
they multiply some of them are crowded toward the surface. For 
II time these increase in size through a growth of iheir cytoplasm. 
iJiit as they are pushed nearer to the surface and farther from the 
sources of nutrition in the vascular (issues underlying the epithe- 
lium, they become flattened and their bodies lose their cytoplasmic 
character, being converted into a dry, homy substance, keratin, 
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Upon the free surface they are reduced U> thin c^caletf, cloeely 
adhering to each other and their subjacent neighbors, but entirely 
devoid of both cytoplasm and nucleus {Fig. 38). 

Stratified epithelium is found upon surfaces exposed to friction, 
which it serves to protect against mechanical injurj-, and, in some 
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cases, against desiccation. It forms the epidermis of the skin, 
and lines the mouth, cesophagus, rectum, and vagina. In these situ- 
ations the scaly or squamous cells of the surface are constantly 
being removed by the attrition to which they are exposed, but are 
as constantly replaced by fresh cells from the deeper layers of the 
epithelium. Pressure and moderate friction stimulate the multi- 
plication of the cells in the deepest layers of the tissue, so that 
parts, f.g. of the .skin which are especially subjected to such influ- 
ences acquire a thicker epidermis (callus). 

Where the stratified epithelium consists of many layers of cells, 
as 18 the case, for instance, upon the skin, there is a provision for 
the nourishment of the growing cells which are somewhat removed 
from the vascularized subjacent tissues. The cells of the deeper 
layers are somewhat separated from each other, leaving a sjiace 
between them through which nutrient fluids can circulate. Across 
this space numerous minute projections or "prickles," springing 
from neighboring cells, join each other, forming connecting bridges 
between the cells. When isolated, such cells appear covered with 
these small spicules (" prickle-cells "), and their presence probably 
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increases the teiiacily with which the cell-remaios adhere to each 
other when they iH'come hardened and toughened on the surface of 
the epithelial layer (Fig. 39). 

These delicate bridges connecting neighboring cells are not pecu- 
liar to stratified epithclinm, thongh they are more conspicuous in 
that tissue than elsewhere. They liave been observed between the 
cells of the columnar epithelium uf the intestinal mucous mem- 
brune, and also between the cells of other elementary tissues ; e, g,, 
smooth muscukr tieBue. 

6, Transitional Epithelium (Figs. 40 and 41). — This variety re- 
semblet; stratified epithelium in forming layers several cells in thick- 
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neas, but differs in the character of itti superficial cells. These do not 
undergo the homy change peculiar to stratified epithelium, but con- 
tinue to increase in size, forming a covering of very lat^e colls lying 
upon those beneath. Under these largest superficial cells are pyri- 
form cells lying with their larger, rounded ends nest to the topmost 
layer, while their deeper and more attenuated ends lie betsveen the 
oval or round cells that form the one or two deepest layers of the 
epithelium and rest upon the underlying tisdues. 

Transitional epithelium is found lining the renal pelve.s. ureters, 
and bladder. Its structure permits of a considerable stretching of 
the tissues beneath without rupture of the epithelial layer over 
them, the cells of which become flattened to cover the increased 
surface, to return to their first condition when the viscns which they 
line is emptied. This is notably the case iu the bladder, the epi- 
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thelial liaing of which may be taken as a type of this variety of 
tissue. 

The flmctlonal Mtivitles of epithelium are in marked contrast to 

the comparatively inert character of endothelium. The cytoplasmic 
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nature of the epithelial cell, when contracted with the poverty in 
cytoplasm of the c«Il in endothelium, would lead us to expect this 
difference in the cellular activities of the two tissues. At the b^in- 
ning of this chapter a sketch of the manifold functions of epithe* 
Fio. 41. 




TraosltloDal epithelium. Isolated cells from the bladder of the frog. (List.) 



linm was given. It is a fair general statement of its usefulness to 
say that epithelium is chiefly concerned in bringing about chemical 
changes in substances brought io it. Sometimes these eubstauces 
are elaborated into fresh cell-constituents, and the activity of the 
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tissue is displayed chiefly in au active multi plication and gro\rth of 
its cells. This is especially true in the stratified variety, where pro- 
tection is provided by a constantly renewed supply of cells. In 
other cases the substances received by the cells are elaborated into 
definite compounds deistined to form the essential constituents of a 
secretion. This secretory function of epithelium is an extremely 
important one, and for its performance tluit tissue is usually ar- 
ranged in a special structure or oi^n, called a gland. A brief state- 
ment of the general characters and classification of these organs 
may here appropriately find a place. 

Secreting GlandB, — The simplest type of secreting stnictnre coii- 
Bista of a surface covered with a layer of epithelium, the cells of which 
are endowed with tlie power of elaborating a secretion and dischai^- 
ing it upon their free surfaces (Fig. 32, A). The tissues supporting 
the epithelium belong to the connective tissues, and are fibrous in 
character and well providetl with bloodvessels, lymphatics, and 
nerves. These bring to the epithelium the substances necessary for 
its nourishment and work, and place its activities under the control 
of the nervous system. Between tlie epithelium and the fibrous 
tissue supporting it there is frequently a thin niembranons layer of 
tissue tliat often appears quite homogeneous, evidently belongs to the 
connective tissues, and has received the name of " basement-raem- 
brane." This appears to offer a smooth surface for the attachment 
of the epithelial cells, which receive their nourishing fluids through it. 

The epithelial surfaces of many of the mucous membranes are 
examples of the fon-going simple secreting structure. The secretory- 
function is here of use as an adjunct to the protective function 
assignetl to the epithelial covering, and the quantity of secretion is 
but slight under normal conditions. Where tlie volume of secre- 
tion required is considerable some provision for an increase in the 
extent of secreting surface is necessary. This may be accomplished 
by an invagination of that surface, which tlicn forms the lining of 
one or more tubes or sacs, into which the secretion furnished by the 
epithelial cells Is discharged. Such an arrangement of the tissues 
constitutes a p'/nnt^, and it is evident that these may be arranged 
into groups or classes according to whether the secreting surface 
forms a single tube or sac, or several such tubes or sacs, uniting to 
form a single gland. Thus, there may be simple or com^wund tubular 
glands, or simple or compound saccular glands. Whether the deeper 
portions of the gland have a tubular or saccular structure, the secre- 
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tion of the gland is diBcharged upon some free surface through a 
tubular outlet, called the duct. This is frequently lined with a nou- 
secreting layer of epithelial cells differing in character from the 
actively secreting epithelium in the deeper portions of the glandular 
passages (Figs. 42-47). 




Dlasrami repreBentlng TBrioae type* of gland. 
Fig. 42 — Simple tubuUr gluid : a. epithelium coTerlngthe suibce on vblch these 

diBCbarged; b, mouth or gland; c. epllhellum Unlag the dnct. This graduAllr paues 
into the tecretlDg epltbellum. Some simple tubular glands have no inch distinction 
between the cells near the mouth and those nearer the Hindus, but all the cells arc of the 
•ecreting Tariety — i.e., eiereise that (Unction, (.secretory epllhellum; d, lumen. The 
■weat-glands are simple tubular glanda which ara colled iu tta«lr lower part to tana a 

Fig. t3.— Compound tubular gland : /, duct: i;, aclnui. 
Pig, 41.— Racemose tubulargland :/,/./. diict»; g, jj, acini- 
Fig, 46 — BliDple saccular gland ; /. duct; e, acluui. 




DUnninn reprLSinlins various Ijrfics r>f Rlnnd. 

Fig. 48.-Kacemoaf Mcputar gland , /./, duct* ; ». ariniie. 

Fig, IT.— Componnd tiibnlar gland, with a marked dtallDctlon In tbe rharacter of the epl- 
tholiom in the duct and acini: e, duct etdlhKllnin ; /. duct; d, lutnen'ir the adiiiU: 
<, accntlDg epllhellum. Thla lyjx! of gland iacornmun. Thla flgiirL-liIntToducpdla ehuw 
how difficult It nilKht be to del«ct the luroen nr tho aclnm Id ii<ct!onB ol BUCb a gland. 
The lumen ii iif very imBlI diameter {Ita alie ia exaggunted In this dUgraml and mai 
■uch a tartuutu (smne among the epithelial cclla that evuD perfect anKa-sectloni of the 
aclniu might fall In reveal It ir It happened at that polal to run obliquely lo the axli 
of the arlnui. It wonld then appear merely ai » small clear >pot upon the granalar 
eytoplasm of tho cell that lay Immediately beneath II. !,■', represent the way In which 
two »uch occlloni would contilnportionaottheaclnui. The lumen In s" would be more 
ea»lly delected than In i. became Ita general dlreclluu !■ more rectilinear and more 
nearly eolneldent with (he line of vtaion. 

It is rarely possible to trace the connection between the ducts 
and other portions of a gland in sections, for the axes of those dif- 
ferent [larts seldom lie in one plane. As a result of this circum- 
stance, sections of glands usually present a collection of round or 
oval sections of tubes or sacs, which are linetl with a single layer of 
epithelial cells, surrounding a lumen. The cells in the deeper por- 
tions are usually granular and cubical ; those lining the ducts are 
generally more columnar in shape and less granular in character. 
The deeiHT imrtions are called the alveoli or acini of the gland, to dis- 
tinguish them from the ducts, and the character of the epithelium they 
contjkin differs according in the function of the gland. Sometimes 
the cells are ao lui^ that they nearly fill the acini, leaving a scarcely 
perceptible lumen. In other glands the cells are less voluminous 
and the lumen of each acinus is distinct. It occasionally happens, 
e.g,, in the .-uhmasillary glands, that the acini contain two sort*i of 
oells which secrete different materials. Both kinds of cell may l>e 
present in the same acinus, or each kind may be confined to differ- 
ent acini. In studying sections of glands it must be borne in mind 
that the tangential section of an acinus would apjiear as a group of 
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cells surrounded by fibrous tist-ue, with no trace of a lumen ammig 
the epithelial cells (Fig. 48). 

Glands develop from surfaces which are covered by epithelium. 
Fig. 48. 




Section ofulaod trota humnnUp. (Kidlor.) n, duct, rut in RllBhtlr oblique direction llumcD 
ov*!), and probBbly near ■ bmnoh, which would account for the appatinl Ihlcknesi of 
lU eplthellil liuinR In tfao lower half ; b. croai-seetiou of BCtniu secreting mucuii; e, Un- 
gentlal *eotlon of a elmllxr ttcinns near its extremity and beyond the eud of the lumen. 
CroM-«eclloni of the celli at the fundus occupy the centre. <l, rrona-secllon of an nvliiui 
■ecrttlDKa aeroua fluid, reTeallnRagmiill lumen :d'.asIainaraciniiB with a larger lumen, 
prubably cat near Its Junction with a duct : r, aclnut with cresceutic group of cells with 
emmitar cytoplaim (f), and other cella like ihoae Inb. The granular cells uf small bIu 
arc conBidereil In be cells which have diBChtrsed their secretion and are aecnrntilallnK 
material for a frei* supply, /.nearly a»1al louiiitudiiial aertlonofa portion of* mucona 
acinus: IT. tangential lectliin ofaieroua acinus; A, flbious connective tlHue between the 
BCinl ; f, capillary bloodvessel In Ibe flbrous tlatue. 

The cella of this epithelium multiply and penetrate into the under- 
lying tissues, forming little solid tongues or columns of cells (Fig. 181). 
If the gland is destined to be of the simple tubular variety, this col- 
umn of cells then becomes hollowed to form the lumen, the cells being 
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arranged in a single layer lining the Uibule. If the gland is to be 
compound, the solid column of colls branches within the tissues, and 
then the luminaof the different portions are formed, the epilheliura 
in the different parts becoming differentiated as specialization of 
function develops. 

The foregoing general description of the structure of secreting 
glnnds applies to those glands which have a purely secretory func- 
tion, discharging the products of their activities upon some free 
surface, such as the skin or a mucous membrane. There are other 
glandular organs which perform more complicated functions and 
tlic structure of which deviates from that of the simpler glands. 
Examples of these are fiirnishetl by the liver and kidney, the struct- 
ures of which must be deferred to a subsequent chapter. Other 
exceptions are esemplitied in the thyroid body and other "duct- 
less" glands, which discharge no secretion into a viscus or upon a 
free surface, but which have an alveolar structure similar to au 
ordinary secreting gland. These alveoli do not communicate with 
dncts, which are wanting ; but whatever products they may con- 
tribute to the whole oi^nism are apparently dischai^ed into the 
circulating fliiifis of the body by a process of absorption similar to 
that through which the glandular epithelium obtuins its materials 
from thosi" fluids, or by a direct discharge into the lymphatics. (See 
chapter on Ductless glands.) This process is indicated by the term 
" internal secretion," and is probably of commoner occurrence than 
is usually supposed. In fact, it but represents a special interpretation 
of the phenomena of interchange of material that is constantly going 
on between all the cells of the body and its circulating fluids. 

Epithelium is develo()ed from the epiderm or hypoderm; never 
from the mesoderm. In this re.«[)ect, as well as in its functioaal 
rdlf, it differs from endothelium. 




CHAPTER IV. 
THE CONNECTIVE TISSUES. 

The two varieties of elementary tissue that have just been con- 
sidered — namely, endothelium and epithelium — owe their qualities 
directly to the characters of the cells that enter into their composi- 
tion. The intercellular substances are insignificant in amount and 
subordinate in function. 

In marked contrast to these are the tissues composing the group 
known as the " connective tissues." Here the usefulness of the 
tissues depends upon the character of the intercellular substances 
which confer upon the tissues their physical properties. The 
activities of the cells entering into the composition of these tiasues 
appear to be confined to the production of those important inter- 
cellular substances and the maintenance of their integrity. The 
cells may, therefore, be considered as of secondary importance in 
determining the immediate usefulness of the tissues, the first place 
being given to the intercellular substances. As was stated in the 
introductory chapter, these connective tissues are essentially passive 
— i. 6., they are useful because of their physical characters rather 
than because of any ability to transform either matter or energy. 
Where the ability to accomplish those transformations is of 
importance the tissues are found to be essentially cellular in char- 
acter, as we have already seen to be the case in the epithelial tis- 
sues. 

The connective tissues may be divided into three main groups : 
the cartilages, bone, and the fibrous tissues. Each of these groups 
has certain general structural characters that distinguish it from 
the other elementar}'^ tissues, but within each group there are 
varieties which differ considerably in the detailed character of their 
intercellular substances and in the arrangement of these with re- 
spect to the cells. 

All the elementary tissues belonging to the connective-tissue 
group are developed from the mesoderm. 

63 
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I. THE 0ABTILAOE8. 

General Oharacten. — (1) The typical cell of cartilage is round or 
oval in shape, rich in cytoplasm, and possesses one (rarely two) 
nucleus of oval form and vesicular and reticulated structure. 
Within the cytoplasm there are frequently one or more clear spots, 
which are drops of homogeneous fluid, " N'acuoles/' The cells fre- 
quently depart somewhat from this type. Where the tissue is 
growing they are usually flattened on the sides turned toward their 
nearest neighbors. This is because they are the offspring of a cell 
that has recently divided, and are as yet separated by only a small 
amount of intercellular substance. Under these circumstances each 
cell is frequently surrounded by a thin layer of intercellular sub- 
stance, probably of relatively recent formation, which differs a little 
from that further from the cell and gives an appearance as though 
the cell were enclosed in a capsule. In older cartilage this appear- 
ance is no longer evident. Where cartilage is being replaced by 

Fio. 40. 




b 

Hyuliiu" rartlljijje. Secticm of hiiniftii (•«)>tal curtiluLjt' : </, iirarly spluTiml cell containing 
two vaiMiuU's ; h, rrt'cntly forinrd iijt«?n'olliilar siibstaiicr c' matrix "', scpanitiuK two cells 
that havf brcn nmdtuMMl hy the <livi«-i<ni of a .•iinuk* cell. TIutc an- several other 
examples (»f a similar ifnaipiiiu' of cells. «lu<! to the same cause, in the fit^ure. Between 
the cells is the liyaliiie, nearly strntrturehss "matrix." 

bono, ** ossification/' the cells arc arranged in columns, with only a 
small amount of intervening intercellular substance, and have a 
general eul)ieal form. 
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(2) The intercellular substance is abundant in amount and has 
received the special designation " matrix." According to the char- 
acter of this matrix, the cartilages have been divided into three 
varieties : hyaline cartilage, fibro-cartilage, and elastic cartilage. 
In hyaline cartilage the matrix is clear and homogeneous and has 
the consistency of gristle. In fibro-cartilage it is traversed by or 
nearly wholly compased of delicate fibres similar to those of 
white fibrous tissue, which will be described presently. In elastic 
cartilage the matrix contains coarse, branching, and anastomosing 
fibres similar to those of elastic fibrous tissue (i-ide infra). 

(3) The arrangement of the cells and intercellular substances 
varies considerably. Sometimes the cells are pretty uniformly 
distributed throughout the intercellular substance. Suraettmes they 




HyaUne cartMage and perichondrium. Human costal cBnllage. Same speclmeD as Fig. 49; 
a, icroup uf cells rurmed by dlvlslan, but not yt;t atjpurated by malrli ; b, malrli : e, cells 
with a oompttTfttlvely alight amount of cytojilasm, marking the traiiBlllon (Wm carlllage 
to fibrous tissue ; d, perichondrium, compoaed of fibrous tissue (splndle-sbaped cells with 
a fibroui Interccnular Bubttnnce). 

are arranged in groups of from two to four or even six cells. To- 
ward the surface of a piece of cartilage the cells are apt to be smaller 
than those nearer the centre, and arc frequently flattened. Here, 
also, they often hee the characters that distinguish them in the 
body of the tissue, and more and more closely resemble the cells of 
the fibrous tissue surrounding the cartilage. This fibrous tissue 
is called the " perichondrium," and is usually not sharply defined 
from the cartilage itself, the matrix of the latter becoming more 
and more fibrous in character and the cells less distinctly like those 




bunwn thyroid c«nll«(p;. 
(Wollon.) a. (vrlahondrlum; 
b. perlpbenl noni? of oonllngo 
with flmlleniHl n'Us. In Ihc 
drepsr portlun* ot tbi- csr- 
tllaitc tbe PolU are larKi-T. aro 

■itmandcil by rcivnily 
(bnnvd matrix. The cclli In 
ilio dtHipnt portlona of ihu 
curlllaitc aro Tapuolated, and 
■bout thu irmu|M ur cell* aro 
fliw Eranulca of lime Mitii. 
In tht Bialrix nra numi-Tuiiii 
■nutumonltiB 1ln«. whkh nrc 
liitFrpn.'todBiniici»niibi,»rT- 
IliH HI narry niiurlKlimnal ta 
Ih* rrlU In thr- rartllnffu. 

tion BotiiG of the cells 
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typical of curtilage until the distmcUoD 
between the two tissues is lost. The peri- 
chondrium is wanting over the free siirfacca 
of the articular cartilages, 

1. Hyaline Oartilage (Figs. 49, 50, and 
51). — Althiiiigii iinilcr ordinary powers of 
the microsuupe and in specimens which 
have not l)een s|}ecially prejiared the 
matrix of hyaline cartilage appears clear 
and almost, if not qnite, liomogeneous, 
<;loser Btndy reveals the presence of a fine 
network within the clear intercellular »ub- 
Ktance. This network is thought to be a 
system of minnte channela through which 
the nutrient fluids jwrnieate the tiesiie 
and reach its cells. It may be, however, 
that this reticulum is of jibrous character^ 
in which case the fibres might be more 
pervious than the surrounding matrix, and 
bear the same relations to the nutrition of 
the tissue as a system of minute channels. 

1 n sections stained with hematoxylin the 
iiNitrix of hyaline cartilage often acqairesa 
I'liiit bluish tinge, the cytoplasm of the 
lis a deeper shade of the same color 
111 the nuclear chromatin a very dat^ 

Hyaline cartilagQ forms the costal 
tilagcs, the thyroid cjirtilage, the ensifortu. 
process of the sternum, the cartilages of 
the trachea and bronchi, and the tetir- 
porary cartilages which are subsequently 
replaced by bone. 

2. Fibro-cartUage (Fig. 52).— This y%s 
rietj' of cartilage is found in only a ffewi 
situations: in the intcrarticular carttla] 
of Joints, in some of the synchondroses^' 
in one region in the heart, and in tha 
intervertebral disks. In the latter situa^ 

possess branching processes, extending for 
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80rae distance between the fibres of the intercellular Eubstance, 
and giving the whole tissue a character closely resembling that of 



ranching prm-i-M e: 



white fibrous tissue. The cells are, howevpr, more cytoplasmic 
than those of ordinury fibrous tissue, 

3. ElaBtdc Cartilage (Figs. 53 and .58).— This form of cartilage 




XtuUc cartilage Seclion ttom 



r is found in the epiglottis, the cornicula of the larynx, the ear, and 
h'&e Eustachian tube. The coarseness of the nnastomosing fibrous 
Sielwork of the matrix varies in different situations and in different 



z/iFTA 'it 'htr -sinie nf*-**^ r '•ar£Ia;rr. Tht* ndcaZmn L* issoallT 

rn-r* ■■pr/»^n i.iii 'M.r.'.r> -^i c ]arj?:r ivc:'* I'-warl the eenrre •>f the 

'"f^ 'v/ir . ... 

r hr -I • J i:i r. [. ,ri • [ - x j . ;. - fi : ;,. - y 1 71- f •« 1 rn i. :iiac they o«>cisd tote elastic 
r i — ., - - . ; -.ii I ;»- :' . • . i ! ;. ; i r. '-r. : .*;r "i*^ effrt^c-r Mt' Di*?cfaauiical :^h«.«rk. 
Tri!- i- -Vivi .'i.-!v '..'■' '-.ir-- ::* :r-»- ^-ini*. wii»rr^ b*:*ch the h valine 
a n* 1 r f-.*- ri ' . r- •■ : - '. .x r>r " ;►■ - :: r*.- :■ •• :^A. Thr ir eLkrcincv and Eu«jde rarely 

ri p ru <■'■:*-;- ••■: i :• • v :i r - :x ! - ■ • ■ :' •■»••.':.■...- ; :i l : : v i a th»r lanrnx and other 



n. BOHE. 

Genera! Characters. — 1 Th*^ '>:I1- '-.f V»->q^. callai '" bone-corpus- 

''•I'--/' h?iv»' nn ov:il v— :i-:i!ar nfi'I»>'i-. *arpirinded bv a modeiate 
arrj'i'inr of rytf^pL'i-rii. '.vri:«-h i* |»r"Itintr*^l int«» dtrlicaie branching' 
[♦r'i'-r-w- rhnt ji,Iri riji.-«- ..f n»';;^li:MT!nir «>*1U- i- The intercellular 
-tir»-r;iri'-^ i- '•'>rii[i'r^'l ■jt* rtn iri:iro:itr a*.-^ "Mation t»f an organic 
-ii^*r;iri'-r: ari«l -;ilr- ot tli*- ^•:ir:liy nirtaN. C-Tj The arrangement 
/,t' flj^r-rf. r-/,ri-r.ir.N*-rir- i- :i- f<iIIiiM-^: th^- ••nrani^.- lrx*i> of the inter- 
^^'■lIuLir -iif)-riiri'-'- i- ;irniri:r'r«l in hi mi rue. \vhi«.'h :in> oKisely applied 
to *uf\i fft\i*-r f\r''i}t jif r'-rtain jH»int- whi-rf.* ihoreare ca\ntieSy called 
" hifiui;f," '/i-.'ijvj I'l'l'^'-rii'-nt tn thf' b*>n^.'H:*iirjius^les. Joining thc;se 
hif'.uiii- uirfi i'i\f\i orh'T :ir»- niiirit«' *;hann«.-l- in the intercellular 
-ril»-r;jri'f-, '• '•.niali^-ijli/' whi^'h an- inm^upI'**! l»v the fine proce$e<es 
of thr- /'orj»M-''l"-. Ill th'f r-oriij»art jnirtion- f»f tlie long bones, and 
wli'ic'/ir tlir- o--*'».j- ti— iw i- a!»iiri«lant, th»' himi me are arranged 
*ori''''nfri':illv aroiiri'l iritri*-nt canal-, thr* *' Haversian canals/* 
v^lii'li rnv^T-*- rh'- Ijou/-, ana-tonio-ijiiir with r-ar-h other and contain-* 
in:' th" nriirl'rit M'»/»r|v<'*-.r.N of the* ti>-in'. In rana^Ilated bone 
th '■ If:r.*r-I;iri '-.'in.-il- :\r" ali-^riT, aii«l tin- thin phitrs <»f l>one are 
rii.r'l" i]j» of |»:ir':ill"l l.-iinin:!- of* int'-n-iUiilar >iil»-tan(M», l»etween 
\\hi<h an- ih*- hi'iinj-, ronrM*-tr^l with 'ai'h other l)V canalicMili. The 
liori'- i-or[ni-rI<'- ;in- Moiiri-hrtl fVorn th'* ihii<ls rircuhitin*; in the 
iini r«»'.\ , uhirh frrriipic- the lar^^f -jiafi-: r»|' this sponj^v variotv of 

hnU'-. 

It ii not |M» -ilih- ill a -in-jl'' |»i*<'pa ration tn stinlv even tlirsc jjen- 
rr.il rharai'ti-r. of hom-. 'I'lic i-arihy -alt> in the intcivclhihir sub- 
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I Btanoe prevent the preparation of sections by means of the knife, 

and, unless they be removed, ej»eciraens of bone must be made by 

I grinding. This can best be accomplished after the bcinc has tieen 

I dried. Bnt drying the bone destroys the corpuaeles, which nppear 

I as little desiccated masses, devoid of structnre, within the lucuuie. 

I Ground sections of bone can, therefore, give only an idea of the 

intercellular substance and the arrangement of the lacunte, canal- 

iciili, Haversian canals, etc. (Pig. 54). Sections may be cut if 




Orgnnd bmIIod nf dried bone. Human hiiuar. a, Havenlaii caniil In aroBa-aectlnn : a'. Ha- 
veiBiui cnnal occupied by debris; a", BnutomngiDC bnincli fl'om it'. In nnrlf longitud- 
inal M'ctlon: A. lauuoB belonging lo tbe Havcnian iT<lem, nf which a' occupies Ihe 
cenlrc: e. lacuna In cici'niric lanlnte of Uinu twlneen the Harorilan syitemt. The 
dellcalG lloei cnnnecllne (be lacuns a» Ihv CBnallruli. 



the bone be first decalcified — i. r., if the earthy salts be dissolved 
tlirough the action of acids. This treatment not only removes the 
earthy constituents of the intercelhilnr substance, renderine; it soft 
and pliable, but causes the organic constituents ti) swell. The 
eflect of this swelling upon the appearance of the hone is very 
marked. The fine canaliculi are closed and the lacuute diminished 
in size, so that the stnicfure of the hone appears much simplified, 
being reducefl to a nearly homogeneous mass of intercellular sub- 
stance in which there are spaces arranged in definite order and 
enclosing the somewhat compressed bone-«orpnscles. The delicate 
processes of the latter are not discernible within tbe canaliculi, but 
blend with the swollen intercellular substance forming the walls of 
those minute channels. It is imjjortant that the student should 
leam to recognize these mutilated preparations of bone, since it is 
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in thi8 form that the tissue will most frequently come under his 
observation (Fig. 65). 

Minute Htndy of the etrtioture of the intercellular substance of 
bone makes it np|)eiir that the organic baRi's is not h omogeiieoui*. 
but is composed of minute interlacing fibres, held together by 



mm 



Bitllon of dee»lcllted bnne, iwrallul 



tfl earthy uilU kuA ii 



iiman remur. a, lonvHudlnal ■ectloii of 
A the left: b, tniigetitUlBecliuiiofatraiu- 
iiiirle; d, Intercsllutar lutiaUni^e deprired 
ill cull arc obliterated. 



a cement or "ground" substance, containing the deposit of earthy 
salts. To these salts, which are chicfiy phosphate and carbonate 
of calcium, the bone owes its hardness, while the fibres contribute 
toughness and elasticity to the tissue. The general arrangement 
of the fibres in the intercellular gnhstance is in himinie, which have 
a general parallel direction ; but there are occasional fibres of some 
size which pierce these laminse in a perpendicular direction and 
appear to bind them togetlier, very much as a nail would hold 
a series of thin boards in place, "Sharpey's fibres." 

Bone oeciirs in two forms, the compact and the cancellated. 
These do not differ in the nature of the tissue itself, but merely 
In the arrangement of that tissue with respect to its sources <^ 
nourishment. Where the bone i« maased in compact form, as in 
the shafts uf the long bones, special means for supplying it wi(l| 
nourishment is provided by a series of channels, the Haver»aii'. 
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canals, which contain the nutrient bloodvessels, and which anasto- 
mose with each other throughout the whole substance of the tissue. 
The nourishing lymph, derived from the blood, reaches the cells 
through the canaliculi and lacunae, which connect with each other 
to form a network of minute channels and spaces pervading the 
bone, aud not only opening into the Haversian canals, but also upon 
the external and internal surfaces of the tissue. 

In the shafts of the long bones the Haversian canals He for the 
most part parallel with the axis of the bone, with short transverse 
branches connecting them with each other. It is around these lon- 
gitudinal Haversian canals that the laminse of bone are arranged 
in concentric tubular layers. Each Haversian canal, with the 
laminae surrounding it, is known as an Haversian system. Between 
these Haversian systems there are excentric laminae of bone, which 
do not conform to the concentric arrangement of the Haversian 
systems. ♦ 

In the spongy or cancellated variety of bone the thin plates of 
that tissue derive their nourishment from the lymph of the con- 
tiguous marrow filling the spaces between them, and there is no 
occasion for Haversian canals. The concentric arrangement of the 
laminse is, therefore, absent. 

Except where bounded by cartilage at the joints, the external 
surfaces of the bones are covered by a fibrous investment, the 
periosteum, in which the bloodvessels supplying the bone ramify 
and subdivide before sending their small twigs into the Haversian 
canals of the compact bone. The deep surface of the periosteum 
contains connective-tissue cells, " osteoblasts,'' capable of assuming 
the functions of bone-corpuscles and producing bone. These facts 
explain the importance of the periosteum for the nutrition and 
growth of bone. The tendons and ligaments attached to the 
bones merge with the periosteum, which has a similar fibrous struct- 
ure and serves to connect them firmly with the surface of the 
bone. 

The central cavities of the long bones and the spaces of cancel- 
lated bone are occupied by marrow, which may be of two kinds, the 
" red " or the " yellow." A description of the structure of marrow 
must be deferred until the other varieties of the connective tissues 
have been considered. 

In the embryo the parts which are destined to become bony first 
consist of some other variety of connective tissue, either cartilage 
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or fibrous tissue. This subsequently "ossifies," iluring wlii(?Ii pnt- 
ceaH it is not reaHy converted into hone, but is graJiiallv' al»sorbetl 
as that tissue develops and replaees it. 



in. THE FIBEOUS TISSUES. 

General Oharactera. — This group of elementary tissues, ■which 
may be said to constitute the connective tissues par erce/fence, 
ini'ltiUes a iiiinibor of varieties which are not very flharply tlefinetl, 
because of transitional modifications which bridge over the differ- 
ences between the more di.^tincl types. It will, therefore, be best 
to describe these well-marked types of structure, and then to indi- 
cate the direction in which they arc malified in particular cases so 
as to simulate in greater or less degree other typical varieties of the 
same group. 

(1) The cells of the fibrous tissues vary considembly in character, 
three more or less distinct forms being distinguishable. First, flat- 
tened, almost membranous cells with oval nuclei and nearly clear 
and humogeDcouB bodies, possibly identical with the cells that form 
endothelium ; second, granular cells, rich in cytoplasm and ii^^iiully 
ovoid or cubical shape, though sometimes elongated ; third, elon- 
gated or fusiform cells, with oval nuclei surrounded by a moderate 
amount of cytoplasm which is frequently prolonged into processes 
of greater or less length and delicacy, and sometimes dividing into 
branches. These three sorts of cell are present in varj-iiig relative 
proportions in the difi'erent tissues belonging to this group, (2) 
The intercellular substance is composed of distinct fibres, asso- 
ciated with a homogeneous cement- or "ground-substance," lying 
between the fibres. The fibres are of two kinds: the "white," 
non-elastic, and the elastic or "yellow." The relative abundance 
of these and of the ground-substance associated with them, and 
also their arrangement, vary greatly in the different members of 
the group. (3) The arrangement of the constituents of the fibrous 
tissues in the different \'arieties is so diverse that a statement of tim 
variations would amount to a description of the tissues themielvea. 
The general characters already enumerated will serve to distinguish 
the whole group from all the other elementary tissues, and enable 
the student to recognize the fact that a given form of the- tissue 
which he may have under observ'ation belongs to this group. 

Before entering upon a description of the varieties of fibrous 
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tissue, it will be of advantage to DOte the peculiarities of the two 
kitids of fibres that are found in their inter- 
cellular substance. 

The white, non-elastic fibres (Fig. 66) are 
exceedingly delicate, and appear, even under 
high powers of the ' microscope, as fine, trans- 
parent, hom<^neous lines. They are usu- 
ally aggregated into bundles of greater or less 
thickness, being held together by a small 
amount of the cement-substance already re- 
ferred to. In these bundles the fibres run a 
somewhat wavy course from one end of the 
bundle to the other, but lie parallel to each 
other and never branch. When treated with 
dilute acetic acid, without previous hardening, »■">" "le iniiividusi 
they swell and become almost invisible. They 
are converted into gelatin when boiled in water. 

The yellow, or elastic, fibres (Figs. 57-69} are coarser than the 
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white and more highly refracting, appearing more conspicuous when' 
viewed under the microscope. They may be nearly straight, but more 
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nsiially run a sinuous course. At intervals they divide, and the 
l)ra!iehcs anastomose witli each other to form a fibrous network, the 
meshes of wliich may be hirge, as is the case in areolar tissue, or i^o 
small and bounded bv such broad fibres that the network resembles 
a membrane pierced by so!newhat elongated apertures, as is exem- 
plified in the fenestpatod membranes of the arteries. The forma- 
tion of such a network is, however, not an essential characteristic 
of th(»se fibres, for they apj)ear as isolated wavy fibres in some of 
the fibrous tissues of open and loose structures. Elastic fibres are 
not aft'oeted by ac^etic acid, nor do the}' yield gelatin on boiling in 
water. Ac^cordin^ to Si^hwalbe, they have a tubular structun*, con- 
sisting of a membrane enclosing a substance called "elastin." 

We may now turn our attention to the different varieties of the 
fibrous tissues. 

Fio. GO. 




^ -~ -^-.i^.. 



Mii(( tu-; t issue. ( Kniivicr. ) (i, stillato colls with loii^' nnd IminchinK processes ; 6, clastic fibres 
in tilt' licninmiudiis, miicoitl, intorcellnlar .snhstuMco, which is not visible under the 
iniiTov;c(tiM' unless artiticially colored. Three of the cells are rei>ri'Sontod in cross-section. 



1. Mucous Tissue (V\\j^, OO). — The cells of this elementary tissue 
jirc chit'ily of tiic tliinl variety nu'iitioned above. They are spindle- 
shaped or stellate in loriu, and many of them possess processes 
that extend lar into the iut<'reellidar substance, uhere thev niav 
hraiieh and unite with the processes of* neii;hl>orin(r cells. The 
precloniinant eonstitnent of tin- intereellular substance is a jrelatinous 
nround-sub^lauce, which i'ontains a variable amount of mucin and 
aj)pears nearlv, if not (juite, hoinotrcneous under the niicroseoj>e. 
It is this which irive< the whole tis-ue its soft and jrelatinous eon- 
>istencv. A variable number of fibres of both th(» kinds already 
descril)e(l run throu^j^h this jj:r()und-sul>>tance. The white fibres are 
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Embryonic coDDecUve tissue (mescncbymBtous tissue). (BOhm and DavfdoO'.) a, nucleus 
□f elellale cell : b, cytoplasmic proceis. The intercellular eubsUnce Is or gelallnoua con- 
BlBtency and optically bomogeneoui. 

arranged id fine bundles, but the elastic fibres appear to be isolated, 
and, though they may branch, do not appear to form a network. 




Reticular tissue. Section through ■ lymph«lnui In a lymph-node of the rabbit. (Ribbert.) 
a, nuclei of slellate cells of the reticulum ; b, endothelial cells which are closely applied 
(0 the reticulum. The lymphoid cells, or leucocytes, have tx^n removed from the 
mesbcs of tbe reticulum. 

Mucous tissue of a rather highly cellular character is abundant 
in the embryo, where it constitutes an early stage in the development 
of the fibrous tissues (Fig. 61). A variety less rich in cells forms 
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tlie WhartiJiiiaii jelly of the iimHlical coi-d. It does not occur in 
tlio adult iimlcr normal conditions, except, perhaps, in the vitreous 
humor of the eye, 

2. Reticular Tiaane (Fig. 62).— The fibres of this variety of e!p- 
mentary tissue are disposed in extremely delicate bundles, which 
anastomotic with each other to form a. tine meshwork. The spaoea 
lietween the fibrous bundles are filled with lymph, which is usually 
BO crowded with cells similar to the white bloiKl-corpuscles that the 
structure of tlie tissue is masked by their presence. The cell;* of 
tiiia tissue arc flattened and closely api>lied to the surfnccii of tht; 
bundles of fibres, which are so fine that they simulate delicate 
hnincbing processes emanating from the cells. The cement- or 
ground-substance is reduced to a minimum, only a small amount 
lying between tlie fibres and the cells of the retieuhim. The tissue is 
bounded by denser forms of fibrous tissue, with the fibrous bundles 
of wliich the reticulum is continuous. It is possible that reticular 
tissue contains stellate cells of the third variety mentioned as occur- 
ring in fibrous tissues, as well as the thin cells already descri!)ed, 
which belong to the first variety. Where this is the case it is 
probable that the branching processes of those cells take part in the 
foimation of the reticulum. 

Where the meshes of the reticulum are crowded with lymphoid 
cells — i. e., cells identical with some of the white corpuscles of the 
blood — the tissue has received the name " lympliadenoid tissue." 
This tissue is the chief constituent of lymph-glands and follicles, 
and is also found in a more diffuse arrangement in many of the 
mucous membranes (Fig. 107, X). 

3, Areolar Tissue. — This is the mast widely distributed variety 
of fibrous tissue. It contains all three kinils of cells mentioned at 
the lieginning of this section, though not always in the same relative 
abundance. The intercellular substance consists chiefly of buudles 
and laminte of fibres, which interlace in all directions. The white 
fibres preflominate over the elastic, but there are always some of the 
latter which either form a wide-nieshcd reticulum, interlacing Willi * 
the bundles of white fibres, or are a])plied to the latter in a sort ot 
open spiral, binding them together. In the developing tissue the 
cement- or ground-substnnee at first fills all the interspaces between- 
the cells and the fibres ; but as development proceeds spaces appear 
in the tissue, which are occupied by lymph and intercommunicate 
throughout the tissue. The ground-substance is then restricted to 
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s~ mere cement itnitiDg the fibres within the bundles nnd laminte. 
TIk! Hilt or endothelial cells of the tissue lie witbin these bundleii or 
arc ajtplied to their surfaces, forming a more or lees perfect lining 
to the lymph-spaces within the tissue and tiecoming continnou;' with 
the endothelial walls of the lymphatic vessels. It is witbin the»e 
spaces that the lymph accumulates after its passage through the 
walls of the smaller bloodvessels, to find its way into the lym])hatic 
circulation. The spindle-shaped and cuboidal cells of the tissue lie 
l)etween or within the bundles of fibres embedded iu the cement- 
substance (Figs. G?. and 64). 




AiMllr tUnie. PrepaniHoD trom ihB mbcuUnroas liwue of arming mbbit (SchSlpr.) 
f*. endothdioldcell: ji.p, cell* wllh BranuUr tylopliuin: e.c.f,tell»ut the ftiRlform or 
itcllBlP varlel»nnlyt-t fully dpTeluped. The whlW fibres »re In bundlwpureuiQBu wavy 
pourae: the elullc libra* «ni dctlote »iid rorm ft very open network; e, k-ucocyli! uf ■ 
co«rw1; granuUr variety. 

Areolar tissue varieH greatly in different situations iu the density 
of its structure — i.e., iu the size of the fibrous bundles and their 
relative abundance, as compared with the number and size of tlie 
spaces separating tbem. The name is derived from that form in 
which the structure is o})en and the courses of the fibnius bundles 
very diverse, so that they interlace, leaving relatively lai^ spaces 
between them. In this form it occurs in the subcutaneous tissues, 
between the muscles, forming the loose fasciie in that situation, and 
in many other parts of the body where adjacent structures are 
loosely connected with each other. The sinuous course of the in- 
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terwoven fibrous bundles renders the tissue easily distensible in all 
directions and permits considerable freedom of motion between the 
parts which it unites. 

In other situations the s[)aces in the tissue are smaller and the 

iibrous bundles closer t4)gether 
and less tortuous in their arrange- 
ment, so that the parts connected 
with eacli other are more fimilv 
held in place. This form of the 
tissue occurs in all the glandular 
organs of the body, supporting 
nn<l holding in place the func- 
tionally active tissues of the or- 
guns and constituting the chief 
constituents of their interstitia 
(s(*c Chapter VII.)- To distin- 
guish this form of fibrous tissue 
iVoni the areolar or more open 
form it may be designated as 
conneetivi* tissue in a more re- 
stricted use of that term than 
lias hitherto been employed (Fig. 
65, h, f/), 

A still denser form of the tis- 
sue oeeiirs in the fascije and ajx)- 
iieuroses, in whieh the fibres are 
aggregated in thick bundles and 
layers that run a comparatively 
straigjjt course and arc firmly held 
toL^'tlu r. Liiiainent< au<l tendons ditler from these only in the 
greater deii-ity of the iil)rons bundles and in their parallel arrange- 
rueut. ThcM' (len-;er varieties of th<' tissues niav he desijrnated by 
a restrii'ted u>e of the term, lihrou- ti»ue. 

. 1. Adipose Tissue ( I'^ig. (I")). — l^it or adipo-e tissue is a modifioa- 
tiou ol the more oix-n or l<»o>elv-te.\tur<Ml areolar tissue, eauscMl l>v 
the aeen»:Mil;iii(ni wiihiu the eyto|)la-«m oi*th<' euhoidal cell- of drops 
ot <»il ol' fat, The e<'lU whieh have heeoiue the seat of this fattv 
iufihratinii an* eularL:e<l, and their <'vtoj)]a-^m, with the enclosed 
mieleu-. i- |)j*e>-ed to one -i«le, the great hulk of the cell being oeen- 
])ie<l i)v a single large globule of iat. This gl(>l)ule, together with 



<'i.ll from siibontanoous tissue of hiiniHii 
fiuljrv'i. 'Sjmlrr.) /•, ci'iitrosumc ; ./"''. 
tihrillii ill tin- (yluj>lasm (tf tht- rrU ; ./V;'. 
lli^ril (It'tiichtd fnnii tlu* t-vU. hut i*vi- 
ilnitly <ltTiv»Ml fnun it. This cell corrr- 
."p'linN til '•, .-. jiM'l f. ill FiiT. fVA. They are 

^^'lUl•tinl^"« r;ill«<l fihr- »hl:i^l^ hfcailst- of 

tln-ir ariivitv in the f-irinati'in i.f lihrf^. 
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the cytoplasm, is encloeed in a delicate eell-membrano. The fatly 
cells may oci;ur singly in tlie midst of an apparently normal artolar 
tissue of the usual type, but they are more frequently grouped to 
form " lobules," held in position witliin the tissue by bands and 
layers of unaltered areolar tissue. 

In sections of adipose tissue prepared after hardening the tissue 
in alcohol the fatty globules can no longer be seen, since the alco- 
hol dissolves the fat from the tissues. The partially collapsed 

Fio. 66. 
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Vbe llgore 1» nnolher bloodvcwBl filled wllh coniuacles. The remalniJtT of thi- figure 
repreienU strliiwd mUKle-fibre* in nearly longitudlnul letllDii. In the upper led UtnJ 
corner cbeso ahow & tendency to ipllt lulo lougltudlniil rlbrea iM-rerwiylesi, 

membranes of the cells, with the cytoplasm and containe<l nucleus 
forming an apparent thickening at one side, are all that remain to 
distinguish the tissue (Fig. 65, fl). 

Adipose tissue is mdely distributed in the body. It wrves as a 
■-tore of fatty materials which can be drawn upon as a reserve 
stock of food when the nutrient supply of the body falls below its 

The usefulness of the fibrous tissues can be readily inferred 
from tlieir structure. The more open varieties of areolar tissue 
serve to give support to the structures they unite and to llie blood- 
vessi'Is, lymphatics, and nerves suppbed to them. They alsit afford 
spaces and channels for the return of the lymph, which transudes 
through the walls of the capillary bloodvessels, carries nourishment 
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to the tissue-elctuonts it bathes, and then returns to the blood iu 
the veina through the iDterstieea and lymphatic vessels contained in 
the areolar tissue. In pursuance of these functions, areolar tissue 
[KTvades nearly all parts of the body. Wherever bloodvessels 
lire found, there more or less areolar tissue is present, Burroimding 
tliom, giving them support, and furnishing channels for the lym- 
phatic circtilatiun. As has ulrea<ly been staleil, this areolar tissue 
viirios in the closeness of its texture in different jtarts of the bctdy. 
The fibrous tissues of tendons and ligaments form inextensible 




I In tKiun.rsB Mcllnn, (SchJfer,) a, ihrnth of sreolar tisanr «ir- 
rouucllagtUeliiudoii;6,loiiglludln«l&Mlculu«offlbreiwilhln Ihnmholh; (, Irropfaatkr 
iipact'; t, section of ■ bro»d BMeoilon of the eniheathln); anHilBr tisane, dlrldlngtbe 
tendon Into Urger buudlisi ; d, e, mure dpllp«le layers c.f areoUr ti«ue lUbdlTiainR the 
latter buudleanrflbnja, BctWHin IbcMarcolarseptaan' thp bundlffl of Hbroacnnatftut' 
lug llie tendon. The «lli Which lie bel«u«ii (he iniallest Dwclcull of nbrea appear Ja 
e lortlTlrtnaL flbrea. among which Ihese cell* He. 
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Iwinds or cords highly resistant to tensile stre.ae, but vitv pliable. 
They consist of bundles of fibres lying parallel to each olher and to 
tlie direction in which they are to resist pulling forces. Layers of 
Iwwe areolar Uesne penetrate the ligaments and tendon-, dividing 
them into fasciculi, which in turn are united Into largi'r bundle.s bv 
thicker layers of areolar tissue (Fig. G6). These sheaths of areolar 
tissue support the vessels and nerves supplied to the denser forms 
of the fibrous tis.sue making up the ligaments or tendons. The 
thicker a^wnenroses of the bwly may lie rt^rdcd as broad and flat 
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ligaments, in which the bundles of fibres run in various directions. 
They present a structural transition between the fibrous arrange- 
ment in ligaments and t<}ndons and that in the more open varieties 
of areolar tissue. The fibres of these tissues are mostly of the 
white variety, but in some situations, notably in the ligamentum 
nuchse, they are chiefly of the elastic variety. 

Reticular tissue may be regarded as a special modification of 
areolar tissue, in which the main bulk of the tissue consists of a 
series of freely intercommunicating lymph-spaces. These are often 
densely crowded with lymphoid cells, among which the lymph 
slowly circulates, thereby being subjected to the modifying influ- 
ences of their activities. 

6 



CHAPTER V. 

TISSUES OF SPECIAL FUNCTION. 

The elementary tissues included in this group are highly difier- 
entiated in structure so as to adapt them for the performance of 
some sjwcial function of a high order. The constituent of the 
tissues which api>ears most highly specialized is tlie cell, which is 
often so greatly modified in structure as to have lost many of the 
general characters of the c^ells hitherto studied. Thus, for example, 
the cells of striated muscle are multinucleated, and the cytoplasm 
has become transformed into a substance known as contractile sub- 
stance, which occupies nearly the whole bulk of the cell, leaving 
only a small amount of relatively undifferentiated cytoplasm imme- 
diately surrounding the nuclei. 

In like manner the intercellular substances of some of these 
tissues show a complexity of structure in great contrast to those 
with which we have become familiar in the preceding tissues. In 
fact, it is stretching a iK)int to regiird the tissues lying between the 
cells of striated muscle as forming an intercellular substance 
belonging to that tissue. In this case those tissues are identical 
in structure with the loose areolar tissue that was described in the 
prec(Kling chapter. We may, therefore, with propriety, regard the 
striated muscles as oryanx in which the muscle-cells constitute the 
parenchyma and this areolar tissue the interstitium (see Chapter 
VI I.). Rut in other tissues of the grouj) there is either an inter- 
cellular substance resembling those oi* the ])r('reding tissues, or 
some sjM'ciiil I'orni oi' snst('nta<Mil:ir tissue — c. 7., the n(Miroglia of 
the eentnil nervous svsteni. 

The tissues of sjx'cial innetioii are nrnnip'd in two ^rroups : the 
muscular tissues and the nervous tissues. As is ini])lied in the 
title, these tissues are trnniju'd to<rellier because of their i'unctional 
powers, and not with re^inl to peeiiliariti<'S oi' strneture, so that it 
is impossible to irive concise stat<'nieiits oi' any coinuion general 
structural characters possessed by all the members of each of these 
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two groups. Thus, the individual muscular tissues differ consider- 
ably from each other in structure, but are closely related in function, 
each variety being specialized so as to execute a particular kind of 
contraction when functionally active. We must also assume that 
the variations in structure met with in the nervous system have 
reference to the translation of various impressions into nervous 
impulses, or the liberation of such impulses under different condi- 
tions, as well as to their transmission and application to the func- 
tional activities of other tissues. 

The complex functions exercised by the nervous system appear 
to necessitate a great variety of nervous structures, and it would 
be a matter for surprise to find the visible structure of the nervous 
system as simple as it is, were it not for the fact, already learned, 
that cells apparently similar in structure may have widely different, 
though related, functional powers. 

I. THE MUSOULAB TISSXTES. 

There are three varieties of muscular tissue, which differ from 
each other both in structure and in the character of their functional 
activities. One variety is that found in the walls of the hollow 
viscera and larger bloodvessels. Its activities are not under the 
control of the will, and the cells are devoid of marked cross-stri- 
ation of the contractile substance. It has, therefore, received the 
names, " involuntary " or " smooth " muscular tissue. The other two 
varieties present distinct and rather coarse cross-striation of the 
contractile substance, but differ in other structural details. One of 
these is called " voluntary " or " striated " muscle ; the other is found 
only in the heart, is not under the control of the will except in 
rare instances, and is known as "cardiac" muscular tissue. 

1. Smooth Muscular Tissue. — This elementary tissue is composed 
of elongated or fusiform cells, which gradually taper to a sharp 
])oint. The body of the cell, except close to the ends of the nucleus, 
consists of a modified cytoplasm, called "contractile substance," 
which stains a coppery red with eosin, and presents fine, indistinct, 
longitudinal and transverse markings, possibly the optical expression 
of certain ridges that are in contact with similar ridges on neigh- 
boring cells. Each cell has a single, greatly elongated, rod-shaped 
nucleus situated in its centre, with the long axis coincident with 
that of the cell (Fig. 67). The nuclei are vesicular and possess 
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9, distinct intranuclear reticulum ot* chromatin. The intercellular 
siibaluncp iH a mere cement of homi^neous clianicter, 
Fio. 07. -piip ppjig gj.p nrninged with their long axes parallel to 
pach other ami wiih the tops of their minute ridge* in 
contact, so that fine channels exist between the contiguous 
oellfl. Thia is apparently a provifiion for the eirculation 
of nutrient fluids between the cells (Fig. 68). 

Smooth muflculttr tissue occuiv in the form of bundles 
or layers, in each of which the cells or fibres run in the 
name direction- The ta])ering ends of the iniHviduul eelU 
intenligitate with each other, niaskhig the intercellular 
tfubstance, so that the tijssue appi'ars as though wholly 
composed of cells. Surrounding the muscular bundles or 
between the layers of that tissue is vascularizetl areolar 
tissue, giving it support and containing its nerve-supply. 
The raicroflcopical appearunces of sections of snicMtth 
muscular tissue depend upon the direction in which the 
individual cells have been cut. k brief analysis of the 
diflferent appearances that may result will be useful as an 
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illustration of the way in whieh micntscopical apjiearances must be 
interpreted in order to gain a correct conception of the structure 
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of an object under observation. It is rarely that sections happen 
to be made in such a direction that they reveal the complete struct- 
ure of an object. It is nearly always necessary to study the appear- 
ances presented by the section, and to infer what the structure of 
the object must be in order to yield the appearances seen. This is 
sometimes a matter of considerable difficulty. 

If the plane of the section lie parallel with the long axes of 
the cells, the nuclei of the latter will appear as rod-like or long, 
oval bodies lying parallel to each other and distributed at regular 
intervals throughout the tissue. The outlines of the cells will be 
distinctly visible in some places, but in most of the section the 
boundaries of the deeper cells will be obscured by the bodies of 
the cells at the surface of the section, and the borders of the latter 
will be difficult of detection, because in many places the knife has 
left only a portion of the cell with a very thin and transparent 
edge (Figs. 69 and 70). For the practical recognition of the tissue, 
when cut in this direction, we must, therefore, in many cases, 
depend solely upon the shape and distribution of the nuclei and 
the color of the material between them after the section has been 
treated with certain stains (e. g,, eosin). 

If the cells of the tissue have been cut perpendicular to their 
long axes, the section will contain true cross-sections of the indi- 
vidual fibres. These appear as round, oval, or, more usually, 
polygonal areas of various size, according to the part of the cell 
included in the section. If the cell has been cut near one of its 
ends, the cross-section will be small ; if near the middle, it will be 
large, and will contain a cross-section of the nucleus, situated near 
its centre and appearing as a round dot (Fig. 71). It is in 
such sections that one may sometimes see the minute prickles 
or ridges, already referred to, projecting from the cell-bodies 
and joining with those of the contiguous cells to form delicate 
bridges across the narrow intercellular spaces. The only tissue 
with which this aspect of smooth muscular tissue is liable to be 
confounded is dense fibrous tissue, as seen in the cross-sections of 
tendons or ligaments (Fig. 66). There we also see polygonal areas 
of various sizes, separated for the most part by only a thin layer of 
cement. But these areas never contain nuclei, because they are 
composed, not of cell-bodies, but of intercellular substance. The 
nuclei of the flattened connective-tissue cells may be seen here and 
there apparently lying within the cement, the body of the cell being 
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Viagnma llluatmtlnK Ihe appearance or a lnii)^lu<l<nal section of an 

Tbe illstanre between the lines A A ami £ A In IhE upper flnire reprcaenti tha thIeknM* of 
the nucllun, thv line ^1 .1 ix'liiit in the plane uflt^iiippeT xurfbce. The line CCInth* lower 
flffure la In thi' plane of thu tntimrenw sevtlcm reprewnleil In Ihu upper llinire. 

It will lie notlivrl ihit only pml.nui of the oelln, h. n, rf. •■ and /. wllV be cxmtalned In Um 
Uinglludlnal Huctlim (lower nmirei. Tbe iippi>r cut Kurfiiera of Ihoae rcltii will appew ■• 
oval arcei wtieii Heen ftnm almve, V, a*, if, 1',/'. Where the eilna of those seetloDB H* 
thin— &0., 1— the tnidlneii ot ilic runvniionililnR oval <n'l will bu dinenll of det<>M<~> 
At Ihi- same time thow iKirtlnnii of n>Ili< whieh lie al the top of the n-etton will o 
tbeinitllneaof the eetla briiinth. ThuH.at tbe piilnlbtlie outlliui nf the '■"ll*' 
will bt ilimnill »f ili-li-etliin tHtiiUH- mvenA hy the eellii k and n. and alar> 
eell i overlaiM the cell r. If the plane of Juni>tlon were periieiidtrular to "' 
Ihe iieetliin. Iliu ■nilllui'M oT I aiKl rwonld lie nmeh iiuin- elearljr drflnrit. 

ThlX brief analysUi will mrve to hIiow that th Kllnpo oT the i-ellii will rarvly be Men wlUl 



Kere periieiidtrular to tbe aurhee of 



tliejr have 1 



•eived. For 



..I of urn' 
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the upper cut liave been 



mi]' of the cells represented In 
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SO thin as oflea to escape observation. These differences render it 
easy to distinguish the two kinds of tissue in spite of their general 
similarity when seen in cross-section. 

It is, of course, rarely that sections contain smooth muscular 




&iM 




DIasnimB ofuaooth mmcuUr flbres out In TBrlom direction!. 

Fig. 71.— Flbrei cut eimctlr perpendlcuUr tn their long «ie». The lines A A and B fl In (be 
upper flgiire Indicate tbe portions of the flbrcB Included In tbe uctlon. which is vipwcd 
from aboTe In the lower ftpire. The eroes^ectloni of tbe fibres a and 6 contain cross- 
lectlons or tbe nnclel : those of c and d are smaller and devoid of nuclei. 

Fig. 72.— Fibres cut obliquely to Ibelr long aiea. When tbe upper surOce of the section, 
marked by tbe line A A Id the upper tlgure. Is in sharp focus, tbe sections of fibres appear 
as In a, b. c. and it of the lower figure. When the bottom of the section, Indicated by the 
line B Bin the upper diagram; la In clear view, tbe sectlnni of the fibres appear as shown 
at a', b-, ?', and (f. It will be noticed (hat the optical section of fibre a In the upper dia- 
gram has moved from a to n' In the lower diagram. Aithe focus was cbangcd, the nucleus 
In flbrea was conatantlr present and Its optical section appeared of uniform slse. This 
could only be Ibe ease when [be nucleus was rod-shaped and of the same diameter 
Ihraaghoul that portion contained In the section. In tbe Bbre rl the nucleus was visible 
when tbe upper surfiieo of the section was to fOcus, but disappeared when the focal plane 
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Fig. 73. 



a' a 





DiHgrums of smooth muscular fibres cut very obliquely. The explanation of Fig. 72, already 
given, will make this one clear. In this case the outlines of the fibres in Bection will be 
less sharply defined tlian in the preceding case, because, for instance, at the point a the 
fibre a' is cut so as to leave only a thin edge, difficult of detection, and the fibre b has had 
such a thin slice removed from it that the loss would be hardly perceptible. The appear- 
ance of the section would, therefore, be much less easy of interpretation than is repre- 
stntod in the lower figure, where the outlines of the sections are equally distinct 
throughout. 

tissue cut exactly in either of the directions just considered. In the 
majority of sections that come under observation the muscle-fibres 
are cut obruiuely, and tlie oval or polygonal areas which result are, 
therefore, elouir^^tcd. The nuclei of the cells lie at an angle "with 
the line of vision, and, in c()nse(|uence, appear foreshortened. If 
now we focus the instrument so as to get a sharp image of the upper 
surface of tlie section, and then rapidly turn the fine adjustment so 
as to bring the lower surface into focus, we shall notice an apparent 
lateral motion of the nuclei and cell-sections. This apparent lateral 
movement, due to change of focus, is an evidence of the elongated 
shape and oblique position of the objects exhibiting it; and a little 
reflection will convince the student that such oblique sections, when 
carefully studied, are better calculated to reveal the shapes and rela- 
tive ]K)sitions of the tissue-elements than either perfect longitudinal 
or crnss-sectious. He should seek to train his powers of observa- 
tion so that he may readily interpret the instructive, though at first 
confusing, images preseute<l by such sections (Figs. 72 and 73). 

Smooth muscular tissue is not under the direct control of the will. 
For this reiison it is freciuentlv calh^l ^Muvoluntarv muscle.'' It is 
also sometimes designated as noii-striat(Ml or unstriped muscle, in 
contradistiuetiou to the other two varieties of museuhir tissue, the 
fibres of which present ilistiiict cross-striatious. 

The functional contractions of smooth muscular fibres are slug- 
gish. The fibres are sl(>w in responding to stimulation, contract 
leisurelv, maintain the eontracte(l condition for a long time, and 
then gradually relax. These properties render the tissue of value 
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in conferring "tone" to certain structures in which it is found, 
notably the walls of the arteries and veins. They also render it 
of service in producing the vermicular movements that are essential 
for the functional activity of such organs as the stomach and intes- 
tine. 

Smooth muscular tissue has a wide distribution in the body. It 
is found in greatest bulk in the uterus, middle coats of the arteries 




DiBETaiDB of cardiac muscular tissue. 

A. longitudinal secUon : a. nucleus of muscle-cell; b, anmodlfied cftuplum; c, conlTBctUe 

substance with longitudinal and traoaveree strlatloos ; d. cemenl-subslance unltlnn con- 
tiguous cells : e, areolar tissue (vessels omitted) between the tDuaele-flbrea fOnned by Ibe 
unloDoftbeindWldualcelle;/, amBllbloodTessel within the areolar llisue. Iflhe Hues 
of junction between (he cells were not visible, the tissue would appear as though com- 
posed of.lnterlacing and anaatotnoalog flbrea. none of vhich could be traced fur any con- 
siderable distance. Such Is tbe ugual appearance of longlludlnal sections of cardiac 

B, transverse iccUou: a, section of a cell, including the nucleus; f, section above the nucleus 

and Just below a crotch formed by the divergence of a branch; 6, section above the 
nucleus and the point where the bianch If is given off. 

and veins, the muscular coats of the stomach and intestine, and the 
wall of the bladder ; but we shall find it present in greater or less 
amount in many of the organs, the structure of which we shall 
presently have to study. 

2. Cardiac Mnscnlu Tissue (Figs. 74 and 75). — The heart-muscle 
is composed of cells having a general cylindrical form and contain- 
ing a single (occasionally, two) nucleus. The nucleus is vesicular, 
has a distinct reticulum of chromatin, and is usually oval. It is 
situated near the centre of the cell, and is surrounded by a small 
amount of cytoplasm, which is a little more abundant at the ends 
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oi' the nucleus. The rest of the cell-body is composed of contractile , 
substance, a modification of the cytoplasm of wluch the cell was I 
6rst composed, which preseatx a. fine loogitudinal and a eomewhat 
coarser transverse striation. The proper intercellular siihstance is I 
a homogeneous cement, which Hes between the ends of the celUi. [ 
These are arranged end to end so as to form fibres, tlie lines of j 
Fio. 75. 




I 



SwllOD of bumau hean. . . iiin <b «uch ihattbenHucalatcvIliace cnt 

ezactlrperpendloulari ' - i::i<'rmuscu1aranralartinue. From thU.m<ire 

delicate fllirouallnuc piTL'lriitc* tji'tntiii Uie luuscle-flbres fijmilne Ihemuicular bnndlra, 
vrhleh are Iroperfijclly separfttad from each other by the broader aopta of fibrous UBau& 
6. muscle-cell cut beyond the Diiclelia; c. cell i^ut bo as to include the niicleiu; d, cell cut 
Jiut below a branch. The Index line d polnla to (bat part of the t«ll wlilch paaaes Into 
the braach. The grauular character of tlie contractile eutolancc when seen ta croiw- 
■ectlon hu bevn omitted fhnn the figure. At the lower eOtK of tbe figure tha sectloa 
has been torn, bul n ainall amonni r>f the lubpvrlcardlal areolar tissue It represented. 

junction between the cells, which are occupied by the cement-aub- 
fltance, being usually invisible. The cells give oflT branchea which 
unite with eacli other in hucIi a way as to convert the heart-muscle 
into a reticulum of muscular fibres. The meshes of this retioulnm 
are occupied by areolar tissue, in which tlie vascular and nervous 
supply of the tissue ia situated. Where this tissue is abundant it 
may also contain a few fat-colls. The cardiac muscle-cells are 
destitute of a cell-membrane, in which respect they differ from tlie 
voluntary striated rauscle-fibrcs. 
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When seen in loogitudinal section it is difficult to trace a given 
miiscle-tibre for any considerable distance, because the occasional 
anastomosing branches of the cells cause a blending of the neigh- 
boring fibres with each other. In cross-section the cells have a 
round, oval, or polygonal shape, and vary considerably in size, 
owing to the branching. Their cut surfaces are dotted with the 
minute polygonal croas-sections of the elements of the contractile 
substance, which give the cell its appearance of longitudinal stri- 
ation. These elements are called the " sarcostyles." 

Cardiac muscle occurs only in the heart. It is not under the 
control of the will, but differs from the other involuntary muscles 
in the force and rapidity of its contractions, which resemble those 
of the voluntary ninseles. 

3. Striated Muscnlar Tissue (Figs. 76-79). — The voluntary muscles 
have for their characteristic tissue-element greatly elongated, multi- 

Fig. 76. Fig. 77, 
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le conlractilp 5 
■ppuulDK dark In A, light in B: Zand J, earcoplum, 
Ibe nrcoUB vlumi-nu In Q, ippeiiinit ai llgbt banda Id 
■ppMnince of the fibre wbBn IbB fiwal piano in deep; 
plane Is snperflrlnl iHee Fig. 7e|. The doU Z\iiA unc 
dlflkrencca In Ihe refVactlna of Che sarcopluini and n 



. (Rollct.) V. Mrcona element!, 
1 B«re(iplB»ia Bl^^o U«e between 
ridasdarkllBMlnB. .,4 li the 
Iho appearance when Uie Ibtwt 
n B are optical expreaalona Of 
iiu elfinunla. and do no* repre- 
cenlaetual itnietures. Avoiaplclu explanation of tho way In wblvb a mIrrcHCoplCKl Im- 
Bge may contain apparent abjactn which have no actual cxliitence cannot be entered Into 
hero. Illidne totba Ikct Ihut regulart^ alternating atrucluro of dlBerenl powers ofre- 
IVactlon a([i-ct rayt of llgbt very mueh an they are alTrctiid by a fine i^ratlng. priMluctns 
dillVaclion ipectra. Those speetni may Interfere with each other, occaslonlnj; an alter- 
nation of llgbl and dark liands or areas above the specimen. When Ihv focal plane !• 
changed the light arean heroroe dark and the dark areas light, but sometime! with ui 
alteration In their oiitUnc and relative slsrs, as oxemplifled In the cuts. 
Fig. W.-Cromeclionof a mnscle-flbre. (Rnllet.) The flne reticulum, i-ollceled IntoUrser 
niasavs a[ a few polnto In the midst of the contraellle aubatance. is cunipoeed of akrco- 
plaim. The clear arcoa within this rctleulum are the croa»«cellonii of (he sarcoiu ele- 
ments. These erom-nectlons are lomellmes called "Cohnbelm's areas." Immediately 
beneath the sarcalemma arc er<HW->ectloni of two nuclei. 

nucleated, cylindrical ccllw. Tlie body of tlie^e cells is almost ex- 
clusively composed of a very complex, con tractile .siib.tlanfewliicli pre- 
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sen t s both longitudinal and transverse striations, the latter much coarser 
and prominent than the former. It must suffice us to consider this con- 
tractile substance as made up of a number of prismatic bodies, 
" sarcous elements," which are arranged end to end to form col- 
umns, sarcostyles, extending parallel to each other, from one end 
of the cell to the other. The sarcous elements of all the sarcostyles 
lie in planes perpendicular to the long axis of the cell. It is, 
therefore, possible to separate the contractile substance into a 
number of fibre-like columns (sarcostyles. Fig. 65), made up of sar- 
cous elements attached at their ends, or to split it transversely into 
disks composed of sarcous elements lying side by side. Between 
the sarcous elements is a substance which has received the name 
" sarcoplasm." 

The contractile substance is enclosed in a thin, homogeneous mem- 
branous envelope, called the " sarcolemma." The nuclei of the cell lie 
immediately beneath the sarcolemma, between it and the contractile 
substance, and are surrounded by a small amount of unmodified 
cytoplasm. 

The muscle-fibres lie parallel to each other and to the general 
direction of the muscle which they compose, and are separated by 
loose areolar tissue, containing their vascular and nervous supplies. 
When seen in cross-section they are circular or polygonal in form, 
and the cut surface of the contractile substance appears crowded 
with small polygonal areas, the sections of the sarcous elements, 
between which is the sarcoplasm. Where the nuclei are included 
in the section they appear somewhat flattened and lie at the edge 
of the contractile substance, where a thin zone of cytoplasm may 
sometimes be detected around them. The sarcolemma which lies 
outside of these constituents of the cell is so thin that it can rarely 
be distinctly seen. 

The muscle-fibres are in close contact at both ends with the dense 
fibrous tissue of the tendons attached to the muscle. 



CHAITER VI. 

TISWUHS OF SPECIAL FUNCTION (CONTINUED). 

n. THE NERVOUS TIBSmBS. 

TiiF. iKTvoiis tissues, like tlit! musics, are tissues of special fuDC- 
liun, ami arc coiiijHiscti of iii}r|ily iij)ccinlize(l structures. Of these, 
only the giiiiglion-CL'lIs, the iiorve-libres, the neun^lia, and a few of 




s will ]h} considered 
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1. Oinglion- or Herro-collB (Figs. 80 and 81). — Nerve-cells vary 
greatly both in shape and size. They are rich in cytoplasm, and eon- 
tain an unusually large nucleus, generally spherical in shape, within 
the reticulum of which there is nearly always at least one conspicu- 




Sectlon of uaLpolar nerve-cell (Mm gny matter of aplnal coid. (Flemmtug.) Thli fitnire 
abovra tbe flbrlllBtlon of the sxIs-crUader process and the cytoplasm of the cell, as wuU 
ai the prominent chromophlUc gnnnlea In the IMter. 

0U3 nucleolus. The cell-bodies may be spherical, ovoid, polyhedral, 
or stellate in form, and are prolonged into one or more long pro- 
cesses. Some of these taper and branch repeatedly, the ultimate 
delicate fibrils terminating in free extremities lying in the inter- 
cellular substance, "dendritic processes." At least one of the 
processes emanating from each cell is coarser than these dendritic 
processes, and is prolonged into a nerve-fibre, forming the essen- 
tial constituent of that structure. This process is called the 
"asis-cylinder process." It does not branch as freely as the 
other processes, but may give off one or more lateral twigs near 
its origin. 

It is customary to divide the nerve-cells into uni}>olar, bipolar, 
and multipolar cells, according to the number of pn>cesscs proceed- 
ing from them. The unipolar cells are connected by their single 
processes with nerve-fibreB, and many of the bipolar cells, which 
have a fusiform shape, lie in the course of a fibre with which 
the two processes are continuous. In such cases one of the 
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pnKH'ssos is an axis-cylinder process. The multipolar cells have 
one axis-cylin(l(»r process, the rest being of the dendritic type 
already mentioned, which are distinguished as "protoplasmic" 

pr(K 'esses. 

Nerve-eells are, as a rule, larger than the other cytoplasmic cells 
of the l)ody, with the exception of the larger epithelial cells. Their 
eytoplasiu is so finely granular that the cells look much more trans- 
parent than those of epithelium. With a high power the cytoplasm 
freipiently exhibits fine striations, which are prolonged into the 
processes, iriving them an apjwarance of longitudinal fibrillation. 
These ap|M*aranees are diu* to the arrangement of the fibrils of 
spon^iophism. (.\>nsi(leral)l(* attention has of late been given to 
certain <>:rannles, which beconu* evident in the cytoplasm when 
nerve-cells have l>een fixed in alcohol or in acid solutions. These 
graniih's have an affinity for dyes, ** ehromophilic granules," and 
usually occur in groups in th(» neighl)orho(xl of the nucleus. Their 
significance is not yet nnderstixMl. 

The protoplasmic processes of the nerve-cells diminish in diam- 
eter as they hnmch, and \\w\ also present occasional varicosities, 
which <riv(! tluMu an irregular (contour. They terminate cither in 
fine-pointed cxtrcniiti(*s or in little, knol)l)e<l ends, and do not unite 
with those of ncij::hl)orin^ cells, hut form with them an intricate 
interlacement of delicate nervous twigs. 

The axis-cylinder proces>es arise in conical extensions of the cell, 
and then hecoine uniform in diameter and of a smooth contour 
witiuMit varie(>-ities. When thev branch the two divisions retain 
their >ize throuLdiout their <M)ur>e until they enter into the forma- 
tion <>1* some teiMuinal structure. 

The averaiic -ize of the nuclei of nervi^-cells is greater than that 
of the other nuclei in the body, but they app<'ar to contain less 
chroiuMtiii, and therefore stain less <leeply and pn^sent a less distinct 
intranuclear I'cticuluui. 

Ner\-e- or L::inu'!ion-cells are found in the irrav matter of the 
central iier\-ou- ^y-teui, in ihe u-auulia, and sometimes in the course 
ol' iirr\-e- :iii(| ill iliejr p<'ripheral teruiiuation'^ ( Kiir. ''^-). 

'1. Nerve-fibres. — There are two varieties of nerve-fibres : the 
white, or niedullatetl, and the irray, or n<)n-me(lullated. Thesc» 
<liller ijoiii ill tiieir appeanmee when >eeu bv the unaided eye and 
in their iniero-<'opi<':iJ >tructure. 

[n '. Me<liillate<l iierve-libres con>ist ot'acentnd cvlindrical struct- 
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rare running a cuatintious cnurse from the tiell giving it origin to 
the peripheral termination of the nerve, called the "axis-cylin- 
der " ; an external membranous envelope, the " neurilemma " ; and 
a semisolid material, the "myelin," "white substance of Schwann," 

, or " medullary sheath," lying within the neurilemma and surround- 
ing the axis-cylinder. 

The axis-cylinder is a greatly elongated process (axis-cylinder 
process) springing from a nerve-cell. It is marked by longitudinal 




SihbII gangltoii In the lonfluv of a rabbit : a, of, gangUon-ceUii ; n'. cell, wllb the be^nnlng 
of lu Bxls-crllnder procns; b, medullftted nerre-flbro in arou-eection; c, flbrnua tifisue 
vlthiu the ganglion (pnrt iif Ibia flbnitiB ntruoture may be cnmiKeed of noD-meilii listed 
nervs-flbKS) : d, sreoUr tluuc sumiuudlng theHanglionand containlnK adipose tluue In 
the upper ""d lower parta of the figure. To tho left is s slrinled muBclc-flbre. The gan- 
glion la aifen in croia-iectlon, to that Its nonnection with the ocrrea, Id the courae of which 
It Ilea, la act visible. 



striations, which appear to represent exceedingly delicate fibrils 
composing the axis-cylinder. These fibrils frequently separate at 
the distal extremity of the nerve and take part in the construction 
of the various forms of nerve-endings. A more minute study of 
the axis-cylinder leads to the inference that it is composed of 
gpongioplasm, continuous with that of the body of the cell, and 
that the appearance of longitudinal striation is <lue to the elongated 
shape of the spongioplasmic meshwork and ihe greater thickness 
of its longitudinal threads, the transverse threads uniting them 
t being much less conspicuous. 
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NOn.VAL HISTOtOOr. 

The neurileniina, or exlenial in- 

vej^tinent of the nerve-fibre, call«l 

_ ,_, ■ also die "primitive slieath," nr 

11 M "slieath of Schwaiiu," is a ihio. 

V, t I liomi>(!:eDeoi]!; membrane enclosing 

f^T}/ K ''^^' nietl 11 liar V substance or mvelin. 

At rcgiiliir intervals, upon the iu- 

ner stir&ce of the neurilentnm, aud 

surrounded by a small atnuiint uf 

cvto|ilasm, are Satteneil, oval nu- 

eU'i, which appear to belong to the 

iieiirilemmn. About midway be- 

iweeii these nuclei the nerve-libre 

Mfduiuwd nBn,e.flbre. (Key ig constricted, forming- the " nodes" 

and KoKlut.) .l.ncMiu ori(»a- . " 

vier; B. nuduiu bvionntiig to of Ganvief. The neunlenima aji- 

nutioct hy the retraciion uf without interruption, sfj that the 
tli« myellD of Hie medullar}' .• i- • , 

tiunih. In ibe left-hand flg. neunleninia of one intemode 

un. the dcrts of L«.t«nn.<.i. continuous with that of the odia- 

■ruihuwnu white lines In Ib« ■" 

darlimrellii, Tb«e(ip]r««rc cent intemixies. At the nodes, 
, and apparently within the 
lemma, is a disk, perforated 
passage of thp axis-cylinder, called 
the "coDBtricting band" of Raiivier. It may be that this 
band is of the nature of a ee me nt-BU Instance, joining the 
neurilemma of neighboring internodes; for the latter ap- 
pear to be developed from cells, probably of niesoblastia 
origin, which surround the nerve-fibres after their for- 
mation, becoming flattened to form membranous inveRt« 
ments of the nerve-fibre. If this view be correct, 
neurilemma of each internode, with its dngle nucleus, 
to be regarded as a single, specialized cell, derived 
the surrounding connective tissues, and serving to pro! 
the nerve-fibre. In perfect harmony with tliiiJ eonceptii 
of its nature are the facts that the nerves within the braii 
and spinal cord are destitute uf neurilemma, and that wfaei 
a nerve-fibre branehes in its course the point of divisii 
is always at one of the nodes of Ranvier (Fig. 8.'^). 

The medullary sheath, or myelin, is a soft material intei 
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betweea the neurilemma and axis-cylinder. It is not a 
simple substance, but contains at least one constituent closely re- 
\ sembling fat or oil in its chemical nature ; also a substance chemi- 
, cally allied to the keratin of horns and the superficial cells of the 
I epidermis, called neurokeratin ; and a homogeneous, clear fluid. 
The way in which these constituents are combined is a matter of 
I doubt, the apparent structure of the medullary sheath varying 
greatly when different modes of preparing the nerve for micro- 
scopicul study have been employed. But the neurokeratin appears 
to exist as a delicate reticulum pervading the meiluUary Bubstance. 
The medullary sheath appears to be interrupted at irregular inter- 
vals by oblique clefts, «hich surround the axis-cylinder like the 
flaring portion of a funnel. These " Lantermann's " clef^ are 
occupied by a soft material, probably similar to thai composing the 
constricting bands (Figs. 84 and 85). 



^S 




Ax.C. 
rig, SI,— l-onelmdlii*! vlaw or portion of nurve-flbre from »clatlc of dug. (.'(.■hiefftrdecker.) 

S, neurUemiDH; T. iMlned subBtaa<!e vr[tbin the cleft* of LunlerniNim. 
nK,S5.—Cro8«-B«tlon from «d»llc nen-e of frog. (B6hm snd Davldoff.t .4, axii-cyllnder. 
■bowing puncrate sectloai of tbe fibrlUie ; B. meduUsry sbcBlb tlalnuil wllh ocidI(< add : 
iDplIcuIlon of the medullary ibcalh. dixi (o Ibe pTeeence of a LaDteimum 
\r tlaauG between Ibe Itbrei. 



The medullary sheath is develojwd after the formation of the 
axis-cylinder, and is, at first, continuous along the course of the 
latter. Subsequently it becomes interntpted at the nodes of 
Kanvier by the constricting disk. It seems to be derived from 
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the axis-cylinder, aiid may, tlierefore, be regarded as a product 
that greatly extended arm of the cytoplasm of the nerve-cell. 

The amount of medullary substance present in different ner 
varies greatly. Sometimes it is so alight as to be hardly distil 
guisliablc. In other eases its thickness considerably exceeds 
diameter of the axis-cylinder. It is present w-ithin the spinal coi 
and biain, although not enclosed in neurileoima in those situations 
At the jjeripheral ends of the oerves, i 
**^' the contrary, it usually disappears befur 

the neurilemma. 

The individual nerve-fibres are isolate) 
only at their extremities. Throughoi 
most of their course they are collecte< 
into bundles, forming the '* nerves " 
the body. AVithin these bundles the iie: 
fibres are held K^ther by fibrous tissw 
in the following manner : a delicate areolae 
tissue containing their vascular supplv liet 
between the individual fibres. This fibrous 
tissue is called the "endoneurium." The 
nerve-fibres, thus held together, are aggre- 
gated into bundles, called "funiculi," whiclii 
are surrounded by sheaths of still deoseB 
fibrous tissue, rich in lymphatic spaces^ 
which are called the " perineurium." Thift 
perineurium on its inner surface becomes' 
continuous with the endoneiirium just de- 
scribed. The funiculi, enclosed by their 
perineurium, are, in turn, held together 
by an areolar sheatli, which has receive^ 
the name, "epineurium," aud forms th« 
outer covering of the nerve. 

The funiculi do not run a distinct conn 
throiighout the length of the nerve, 1 
give off nerve-bundles, enclosed in peri 
neurium, which join other funiculi ; di 
nerve-fibres themselves do not, htmeTMJ 
anastomose with each other. 
(6) The gray, or non-medullated, nerve-fibres are, aa their naai 
implies, destitute of medullary substance. They consist of an axie 



Nerve-flhron from the lympa- 
thetlc (yuleiii. {Key and Rel- 
iliii.) All tlitf filires exci'pt 
that mulled <n kfc aon-med- 
UlUtcd. The niire m hns in 
Incomplele medullary shi'Uh. 
n.n.iiuclelofiheuturlUmniB. 
ThcM kre inrrouDilvd by a 
■mall amount ot cytoplium, 
which [» not clenrly reprt- 
■GDtvd lu the tigura. 
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cylinder, which at intervals appears to be nucleated. These nu- 
clei are presumably conetituents of a membranous investment or 
neunlemma ; but the latter is difBcult of demonstration because of 
its thinness and transparency, and its constant presence is not defi- 
nitely established (Fig. 86). 

Unlike the medullated variety, the gray nerve-fibres frequently give 
off branches, which join other fibres and constitute true anastomoses. 

Non-meduUated fibres are most abundant in the sympathetic 
nervous system, but occur also in the nerves derived directly from 
the brain and spinal cord. 

3. NenToglla. — The nerve-cells and fibres of the central nervous 
system are surrounded and supported by a tissue which is derived 
from the epiderm, and is called the " neuroglia." It must be re- 
garded as a variety of elementary ijssue having functions similar to 
the connective tissues, although its origin makes its relations to the 
epithelial tissues verj- close. 

Neuroglia consists of cells, the " glia-cells," which vary consider- 
Fio. 87. 



Fin. SB. 






alta-cella Irom the neuroglia of the human ipinsl cord. (Retzlus.) 

Fig, 87.— Three cell* from the aiiterloT portiOD of the vrhile matter : a, proceeeea exteadlng to 

the surftoe of the cord i 6. ceUbody ; e. long, dellote procen extending (M Into the white 

Pig. 88,— Two celti Itom the deep portion of the white matter. 

ably in character, and an intercellular substance, which is for the 
most part soft and homogeneous, resembling in this respect the 
cement-substance found in epithelium, but which may, here and 
there, contain a few delicate fibres, possibly derived from the pro- 
cesses of some of the cells, or possibly of mesodermic origin, and, 
in consequence, belonging to the connective tissues. 
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The glia-cells possess delicate processes, which lie in the cemeat- 
or g roll nd-siihata nee and form a felt-like mass of interlacing fila- 
meiitfl, Imt do not unite with each other. Two types of cell may be 
diiitingnished, but they are not sharply defined, because intermediate 
forms are met with. In the first type the cells have relatively Ini^ 





GlU-cellB from the human epinul cord, (Reliliia,) 
Fie. 89.— Celts ftoni the tubilanlia gdaUnoia Hofandt of the poBtctlar horn. The ve]\ lo tbe 

tight baa a, long prucen beaet with &ae, bluinli brnnchen. 
Fig. HO.— Fmir cells trom the gray niBtler. 
FIgi, 87-00 are Mcbo from ipecimeDB atalned \iy Oolgl's melhud. trbicb blls to reveal tlis 

Internal ■Imcture of the cella, but la e:clreiael]' well rnlapteil lo ahaw the ahupoi of Ih« 

celli and their EitEnalon Into fine praceseea. 

bodies, beset with a multitude of comparatively short, ver^' fine, and 
frequently branching processes (Figs. 89 and 90). This type is most 
frequently met with in the gray matter. The second type of glia- 
oell IB represented by cells with smaller bodies and longer and some- 
what coarser processes that branch much less freely (Figs. 87 and 88). 
They also often possess one particidarly large and prominent proc- 
ess of greater length than the others. The small bodies of these 
wlls ser^'o to distinguish them from nerve-cells, with which they 
might otherwise be easily confounded. This tyjie predominates id 
the white matter. 

Aside from the processes of the gjia-cells already mentioned, the 
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central ner\'ous syatem contains fibrous prolongations of the epi- 
thelial cells of the ependyma and central canal of 
the spinal cord (Fig. 91). Fibrous constituents are 
also derived from the areolar tissue which extends 
into the organs of the central nervous system from 
their fibrous investments, the pia mater, in company 
with the vascular supply. 

The central nervous system, then, consists of a 
small amount of a ground-substance and a great 
number of cells, most of which possess numerous 
delicate fibrillar processes which interlace in all 
directions. Some of these cells are the function- 
ally active elements of the organs, the nerve-cells. 
Others belong to the sustentaeular tissue, and are 
probably functionally passive, constituting the in- 
terstitium. Both kinds of cell are developed from 
the e|>iderm, and are therefore genetically closely 
related to each other. 

4. Nenre-endlngs. — Nerve-fibres terminate in two 
ways : first, in free ends lying among the elements 
of the tissues to which the nerve is distributed ; r^^'ii'V'uro'i"' 
second, in terminal oi^ns, containing not only ceu near the aote- 
nerve-filaments, but cells which are associated with ^^ man •> e 
them to form a special structure. The simplest 
mode of termination consists in a separation of the minute Sbrilln 
Fio.g2. 




EpendyniB und glU- 
celU ftam tbe apl- 
nalcord. (Retdui.) 
a. ependyma In the 
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Tcnnlnatlon of nerreB br free ends. IRetzlUB.) Nerre^ndlnga among the clllMed colamnu 
epitheliam oa the tto^t tongue. Two goblet-ceUi, the whole bodies of which are colored 
black, are Tepreaented. Tbe other ceUs are merelf Indicated. 

composing the axis-cylinders of the medullated fibres, or the chief 
bulk of the noD-medullated fibres, into a number of delicate fila- 
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, iliti-ii I'litticli luu) liiiiilly t'liil iuniui-r llie tis^iit'-clemeuts to 
I, m vv i.i Mii>|Jk'i!. Till' liliinitiits nf'tcri jtivsont small vari- 

^ i.i -.t-iiu'liiiu'ii i-nii in A\^\i\ ciilar^i-iiieiits corro-jpondiiig to 
■ i.,u, .nvlliiiijs. Ill otliiT fiiws tin.' tiTiiiiiiatiiiiiH an- filiform 

.... ....i.'.vA iiK-Ji- I'f U'rminatii'ii i-' iliiit cxoiiiplitH.l in the 

'»u»>.» ■'» ilw puiatwl iiiUMlt-tihiv. HiTL- (lie axis-cyliiiiler 
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divides into coarse extensions, whicli form a network of broad vari- 
cose fibres, lying in a finely granular material cont^ning two sorts 
of nuclei. Thin whole structure lies in close relations to the con- 
tractile substance of the muscle-fibre, but whether it is covered by 
the sarcolemma or not is a matter of doubt. The nuclei in the 
motor-plate are derived in part from the muscle-fibre, from the 
cytoplasm of which the granular material surrounding the nerve- 

Fio. 95. 




Motor-pUle. Tallof a iqolrrel. (Gsleoll l and Levl.l n, two branches of ails-cyllndw ter- 
minating la a plexus of TariCMe fllamenti ; b, muBcle-nucleui ; e. nucleua derlTed from 
neurlleiama. The BnelT EnnuUr (ulwUnce Burroundlng these itnictarci has been 
omitted, 

endings appears to be derived, in part from cells similar to those 
forming the neurilemma, which participate in the production of the 
motor-plate (Fig. 95). 

The nerves of sensation, like those supplying the striated muscles, 
end in bodies in which the ner\-ous terminations are associated with 
cellular structures of pecuhar form. Their consideration will be 
postponed until the structure of the nervous system is described. 



CHAPTER VII. 



THE ORGANS. 



In the lowest order of animals, tlip protozoa, the single cell, 
which cougtitiites the whole individual, pcrforras all the functions 
necessary to the life of the animal ; but in the higher nnilticellular 
animals, the inetazoa, those functions are distributed among a num- 
ber of diflFerent but definite structures, called organs, each of which 
is composed of certain of the elementary tissues arranged acoording 
to a definite and characteristic plan peculiar to the organ. 

Within each organ certain of the elementary tissues ai-e charged 
with the immediate performance of the function assigned to that 
organ. These tissues are collectively termed the sarencbyma of 
the organ. Thus, for example, the epithelium entering into the 
composition of the liver and doing the work peculiar to that organ, 
constitutes its parenchyma. The parenchyma of the heart is its 
muscular tissne, through the activity of which it is enabled to con- 
tract upon its contents. 

Functionally ancillary to its parenchyma, each organ possesses a 
variety of elementary tissues, some of which belong to the connec- 
tive-tissue group, which serve to hold the tissue -elements of the 
parenchyma in position, to bring to them the nutrient Huids neees- 
sari.- for their work, and to convey to them the nervous stimuli 
which excite and control their functional activities. These sub- 
sidiary tissues arc collectively known as the interstitium of the 
organ. For example, the fibrous tissue and the elementary tissues 
forming the bloodvessels, lymphatics, and ner\es of the liver, or of 
the heart, form the interstitia of those organs. 

Two sets of structures entering into the formation of the inter- 
stitia of the organs — namely, the nerves and the vessels, including 
those which convey blood and those through which the lymph cir- 
culates — have a similar general stnirture in all the organs, and are 
connected with each other throughout the body, forming " systems." 
These systems serve to bring the various parts of the body, so 
diverse in structure and fimction and yet so interdependent upon 
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each other^ into that intimate correlation that makes them subordi- 
nate parts of a single organism. 

Through the medium of the circulatory system the exchanges of 
material essential to the well-being of each organ and of the whole 
body are made possible, and through the nervous system the activ- 
ities of the diflTerent parts of the body are so regulated that they 
work in harmony with each other and respond to their collective 
needs. 

Because of their wide distribution throughout the body, we can 
hardly study any structures which are not in intimate relations with 
both vessels and nerves. It will, therefore, be well to consider the 
structure of the circulatory system before proceeding to a study of 
other organs. The study of the nervous system must, because of 
its complexity, be deferred. 



CHAPTER VIII. 
THE CIRCULATORY SYSTEM. 

The circulatory system is made up of organs which serve to pro- 
pel and convey to the various parts of the body the fluids through 
the medium of which those parts make the exchanges of material 
incident to their nutrition and functional activities. 

For some of these exchanges it appears necessary for the circu- 
lating fluids to come into the most intimate contact with the tissue- 
elements; to penetrate the interstices of the tissues and bathe their 
structures. For mechanical reasons these fluids must circulate 
slowly and consume a considerable time in traversing a relatively 
short distance. Such a sluggish current could not avail for the 
transportation of oxygen from the lungs to the tissues, and we 
find that the circulatory system is divided into two closely related 
portions: the hsematic circulation and the lymphatic circulation. 
The former is rapid, and the circulating fluid is the blood, the red 
corpuscles of which serve as carriers of oxygen. The latter is slow, 
and the circulating fluid, called " lymph," is derived from the liquid 
portion of the blood (" the plasma "). The blood is confined within a 
:qrstem of closed tubes, the bloodvessels ; but the lymph, when first 
puduced by transudation through the walls of the bloodvessels, is not 
^ttdoeed within vessels, but permeates the tissues or enters minute 
intwc^lk^ between the tissue-elements surrounding the bloodvessels. 
ThttiK^ it gradually makes its way into larger spaces — lymph-spaces 
— whKA o|ien into the thin-walled vessels constituting the radicles 
ot ili^ tymphatic vascular system. These smaller lymphatic vessels 
i«.Htt \.^iftch other to form larger tubes, which finally open into the 
vt>iivue^ portkm of the hsematic circulation, thus returning to the 
i»touvl thv lymph which has made its way through the tissues. 

11^ otrettibiiliiKijr fluids are kept in motion chiefly by the pumping 
:icik>tt Kii tbv tlMirt« which forces blood into the arteries, whence it 
l»a<!i9ttt^ihr«Hi|t)i the capillaries into the veins, and thence back to the 
hoHi^ IHmiKit i^ pazjtsMge through the smaller arteries, the capil- 
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lanes, and the smaller veins, a jiart of the plasma of the blood, 
somewhat modified in composition, makes its way through the vas- 
cular walls, partly by osmosis, partly by a sort of filtration, and 
becomes the nutrient lymph of the tissues. The composition of 
this lymph varies a little in the different parts of the body, and 
this variation is attributed to some kind of activity, allied to secre- 
tion, on the part of the cells lining the vessels. 

The larger veins are provided with |K)cket-like valves, which 
collapse when the blood-current is toward the heart, but which fill 
and occlude the veins when, for any reason, the current is reversed. 
When, therefore, the muscles contiguous to the larger veins thicken 
during contraction and press upon the veins the effect is to urge 
the blood within them in the direction of the heart. This accessory 
mode of propulsion materially aids the heart, especially during 
active exercise, when the muscles are in need of an abundant supply 
of oxygen. 

The large lymphatic vessels are similarly provided with valves, 
and valves guard tKe orifices by which the lymphatic trunks ojx^n 
into the veins. But the chief reason for the flow of the lymph 
appears to be the continuous formation of fresh lymph, which 
drives the older fluid before it — the so-called rw a tergo. 

For convenient description we may divide the vascular organs 
into the heart, arteries, veins, capillaries, and lymphatics. 

1. The heart is covered externally by a nearly complete invest- 
ment of serous membrane, the epicardium, which is a part of the 
wall of the pericardial serous cavity. Its free surface is covered 
with a layer of endothelium resting upon areolar fibrous tissue, and 
containing a variable amount of fat. 

The substance of the heart is made up of a series of interlacing 
and connected layers of canliac muscular tissue, sopamted by layers 
of areolar tissue, which extends into the meshes of the muscle, form- 
ing the interstitial tissue of the heart. The fibres in the ditferent 
layers of muscle run in different directions, so that sections of th(» 
wall of the heart show the individual muscle-cells cut in various 

ways. 

The areolar tissue is more abundant and denser near the orifices 
of the heart, and at the bases of the valves merges into dense 
fibrous rings, which send extensions into the curtains of the valves, 
increasing their strength and giving them a firm connection with 
the substance of the organ. In the centre of the heart, between 
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the auriculo-ventricular oriftces and the aortic orifice, this fibrous 
tissue is reinforced by a mass of fibrocartilage. 

The cavities of the lieart are lined by the endocardium, consisting 
of endothelium resting on areolar tissue. The deeper portions of 
the epi- and endocai-dium merge with the areolar tisane of the body 
of the heart. Smooth mnscle-fibres are of occasional occurrence in 
the deeper layers of the endocardium. 

The auricles and the basal third of the ventricles contain ganglia, 
connected on the one hand with the nerves received by the heart 
from the cerebro-spinal and syrajjathetic eystems, and on the other 
hand with a nervous plexus which penetrates the substance of the 
heart and gives off minute nervous fibrillie to the individual ceils 
of the cardiac muscle. These fibrillie end in minute enlargements 
connected with the surfaces of the mu.>icle-cellB. Many of the gan- 
glia lie beneath the epicardium or in the areolar or adipose tissue 
situate*! in its deeper portions. 

The valves of the heart are comjwsed of fibrous tissue, con- 
tinuous with that forming the rings around the orifices. Their 
jiurfaces are covered by extensions of the endocardium, except the 
outer surfaces of the pulmonary and aortic valves, which are cov- 
ered by extensions of the not dissimilar inner coats of the pul- 
monary artery or aorta. The fibrous substance of the valvular 
pockets of those two valves are further strengthened by tendinous 
strips of fibrous tissue at their lines of contact when the valves are 
olosed. The curtains of the auriculo-ventricular valves are also 
reinforced by fibrous tissue derived from fan-like expansions of the 
chordse tendinete. 

2. The Arteries. — It will be beat to consider first the structure of 
the smaller arteries, I>ecau8e the individual coats are less complex in 
these than in the larger arteries. 

The arterial wall consists of three coats : the intima, or internal 
toat ; the media ; and the advenfilia, or external ciMit (Fig. 96). 

The inUtna consists of three more or less well-defined layers. 
These are, from within outward ; 1, a single layer of endothelium ; 
2, a layer of delicate fibrous tissue containing branching cells ; 3, a 
layer of elastic fibrous tissue. The endothelial layer consists of 
cells, usually of a general diamond shape, with their long diago- 
nals pai-allfl to the axis of the vessel they line. When the vessel 
expands these cells broaden somewhat and apjiear very thin. When 
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the vessel is contracted they are thicker and liit |x>rtion confining 
the nucleus prujects slightly into the lumen nf ihi- vc.«sel. 

The subendothelial fibrous tissue forminfj the sectmd byer <>( the 
intima is composed i>f vcn- delicate fibrils, clf^sely |Kicke«l tt^-iht-r, 
with a little cement between them, und eneb^sinp irn.-}riilar sieo<s in 
which the branching cells of tho tissue lie. Kla^tic fibres, sjiriiijr- 
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elulic luniiu r,r Ibf iniii 
of imooUi mafcuUr tli 
section wltb v\<,nK*KeA nurtel : d. nilv.nlitU -t ribn.iis Kli-\v Ijli'iKlln:.' ulx.vi- un<l i.. ilit 
left with the turr'.andlno: areolar li^-iic; •. artii-?- ll-Mi.', ItlUi-^-n thi- c.-lls .if nhlch a 
few lino of red cnn-iKclvs reveal Ihi- iTCWiiif "f I'ni'illury I.I<»r|vi trvH: /. "DmII iiitv>'. 
coiitainiugU.th niertullati-l rnirt i»ik- or n-.n-iiu^ilullau-l ni'rvi-Hl.n'!. Tlii'rf an- "ili'-t 
■Imllariiertlong'.f nenti in iti.- tiinin.-. To [h^- Kit nf thu' arti-ry tlit' -in'tloti i^ sliiihtly 
turn, the ailipow tif-uc U-tnu- M-immti'l frpin ihi' nrlvrmiiia i.f ihf laifty. A W\\ nJ 

flRure. There arc bIa'i a fcw Opin>U"lt' "irlLiii tlio liimi-iuif ihc arwry. 

ing from the ixteni.il layer of tin- iiitiiiia. may liert' ami iIrtc, 
especially in the largi'r artcrifs, iiiake their way into the ^uheinld- 
thelial layer. 

The elastic lamina of the intima i^ forrnetl l>y a iietM-nrli nf anas- 
tomosing elastic film's, havin;; a Eciicral liniffitinlinal (lL>[>"?^i(ion ivitli 
respect to the axis of the vessel. The s[.av,-< Irlt l.etwren llie fibres 
of this network vary eon-iilcrahly in size. Where lliey are sriuill 
and the fibres between them an- i-orres|ii)ndinL'ly liroad tliis layer 
has the appeaninee ofa ]M'rforateil nienilirane (t)ie fenesti-jitcil ineni- 
brane of Henle). Even wliere this nif-nil.ran"us eliaraeter of the 
elastic layer is well developed, elastic fibres are jriven uH' t'rimi it- 
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tHii-face3 and euter ttic siibendothelial layer on the one side and the 
median coat of the artery on the other. 

The tunica media, or middle coat of the arteries, consists esseu- 
tially of smooth muscular tissue, with the cells arranged trans- 
versely to the long axis of the vessels, so that by their contraction 
they serve to diminish the calibre of the arteries. 

The adventitia is an externa! sheath or layer of fibrous tissue 
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Pnnlnn i>f ■ tntniTene MCtlon of i hmnan I[nini4l arlecr fniin an Bdull. (fliilntteln> 
a. Inllma: b, media: e, adTentilla : d, endothelium: c. lubetidotheUal atrstum (delicate 
areolar lljBue):/.luiilcaelulIca Interna |[»n»tnileil ID embtsne be] DDKlnglolhelntlmk): 
g, ■tratum lubeUsUcam containing eluUc fibrcii (A) that pu* ftara the reneEtnted mem- 
bratie Into the media: i, conwntrlc tlaailc Hbrea within the mudla: J, smooth muacalar 
Dbrea nf media with elongaled nuclei: it, white flbroni tliaue In media; f, elaitic libie* 
ladiaHni; rrnmlhe media into the external elaatlc tunic: m, atralum aubmutculare (are- 
olar flbnnutluue): n, tunica elullca externa: a.slralumelasllcum longitudinaleiflbroui 
tlnne containing eliistic nbre* running parallel with Ihe ax<> nf the •eiacl) ; p. itratDm 
elatClcum conccntrlcum inhmiu tiasue mnlatalng elaatin llbres encircling the veuel). 
The vaia vaaorum supplying the tlMuea of the vaicular vail are not rcpreacntcd. 



which mei^s with the areolar tissue of the parts surrounding the 
arteries and serves to support the latter without restricting the 
mobility necessary for their functional activity. 
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In the larger arterieB the muscle-iibrcs c»f the media are grouped 
in bundles, which are separated by white and clastic fibrous tissue 
(Fig. 97). The musele-fibres themselves arc less highly developed 
than In the smaller arteries, so that the vessels are less capable of 
contracting, but are more highly clastic, because of the greater 
abundance of elastic fibres. In these larger arteries the boundary 
between the media and the iutima is less sharply define<l tlian 
in the smaller arteries, the elastic tissues of the two coats being 
more or less continuous. In cross-sections of the smaller arteries 
this boundary is very clearly seen, the clastic lamina of the intinia 
appearing as a prominent line of highly refracting material, which 
assumes a wavy course around the artery when the latter is in a 
contracted state. In such sections the nuclei of the endothelial 
layer of the intima appear as dots at the ver^*^ surface of the intinia. 

3. The OapUlaries (Fig. 25). — As the arteries divide into pn^gres- 
sively smaller branches the walls of the latter and their imlividual 
coats become thinner. In the smallest arterioles the elastic tissue 
of the wall entirely disappears, and the muscular coat becomes so 
attenuated that it is represented by only a few tnuisverse fibres 
partially encircling the vessel. These in turn disappear, and the 
branches of the vessel then consist of a single layer of endothelium 
continuous with that lining the intinia of the larger vessels. These 
thinnest and smallest vessels are the capillaries. They form a net- 
work or plexus within the tissues, and finally discharge into the 
smallest veins the blood thev have receiv^nl from the arteries. It 

» 

is chiefly through the walls of the capillaries that the transudation 
giving rise to the lymph takes place, hut some transudation pnib- 
ably also occurs through the walls of the smaller arteries and 
veins. 

4. The veins closelv n'scfnihle the arteries in the structure of their 
walls, but relative to the size c)f the vessel the wall of a vein is 
thinner than that of an arterv. This is ehieflv hceause the media 
is less highly develope<l. The elastic lamina of the intinia is al>o 
thinner in veins than in arteries of the same <lia meter. 

The valves of the veins are transverse, semilunar, iKK'krt-like 
folds of the iutima, which are strenjrthened hv hands of white 
fibrous tissue lying between the t\v«» layers of intinia that form the 
surfaces of the valves. The valves usually occur in jKiirs, the 
edges of the two eoininp into contact with eaeli other when the 
valvular prx'kets are fille<l hy a reversal of the hKMMl-eiirrent. 
8 
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Behind eaoli valve the wall of the vein bulgea aliglitly. Single 
Talves of similar etmctiire not infretiuently guard tlie orifices by 
which thf Hmaller veins discharge into thow of larger size. 

6. The Lymphatics. — The lymph at first lies in the minnte inter- 
stices of the tisanes surrounding the bloodvessels from which it has 
tmnemled. lu most parts of the body those tissues arc varieties 
uf fibroiia connective tissue, and contain not only the small crevices 
between their tissue-elements, but lai^r spaces also, which have 
R more or less complete lining of Sat endothelial cells, but permit 
the access of lymph to the intercellular interstices of neighboring 
tissues. The lymph finds its way into these "lymph-spaces," and 
thence info the lymphatic vessels. These begin either as a network 
of tubes with endothelial walls, or as vessels with blind ends, and 
have a structure similar to that of the blood-capillaries. They are 
Urecr, however, an<i are provi<led with valves. By their union 
bi^r vessels are formed, resembling large veins with very thin and 
transparent walls, consisting of intima, media, and adventitia. 
These finally unite into two main trunks, the thoriicic duct and the 
fight Ij-mphatic trunk, which open into the subclavian veins. 
Valves an' of min'h more frequent occurrence in the lymphatic 
wsscls than in the veins, but their structure is the same. 

In ils pBssage through the lymphatic circulatory system the 
Ivmiih has owiisionallv to tniverse masses of reticular tissue con- 
ainii^ large numlwre of lymphoid cells, called " lymph-glands." 

Thai porliou of the lymphatic system which has its origin in the 

«1U of the intestine not only receives the lymph which transudes 

Ihiwigh ihi- bhwdvessels supplying that organ, but takes up also a 

TOnjiti-rahW iwrt of the fluids absorbed from the contents of the in- 

U*tiiK Jiirii^ digestion. Mixeil with this fluid is a variable amount 

ot fel, ui iho form of minute globules. These globules give the con- 

»M»u'«f lh«e Ivmphaties a milky appearance, and the vessels of 

tW «»n of the ivmphatic system have, therefore, received the name 

"\*.kti\*;' They do not differ essentially from the lymphatics in 

MiVi iwn- of thi- body. 

L|mpV|lindi-Insanii''iiomertocall these structures glands, 

1w ,W v^>.h.« no ^rtum. A better term is " lymph-nodes." 

•n* \vmv\.-m>'iw are Ix*^'"^^ interposed in the course of the 

V,..,.J'^'"> vr«.A» i\wi^ «l»«'l' the lymph-current psisses. Their 

- ' .'«.(i\twmii\yravhadenoid rissue. 

1-1 wjk W ft ftV^rioal, ovoid, or rcniform shape, with a de- 
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pressioD at one point, callctl the " hiliig." It is invested by a fibrous 
capsule, which is of areolar character extcrnallv, where it eonnccte 
the node with surrounding structures, but is denser, and frequently 
reinforced by a few smooth muscular fibres internally. Extensions 
from this capsule penetrate into the substance of the node, forming 
" tntbeculse," which supjmrt the structures making up the body of 
the node. 

The lymphadenoid tissue occurs in two forms : first, as splierical 
masses, "follicles," lying toward the (M-ripIierj- of the no<Ie, except 
at the hilus^and constituting tlic "cortex " (Fig, 98); necond, in the 
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form of anastomosiuff stniwl^, whicli make a cuarse meshwrirk of 
lymphadenoid tir-suc in the miiliil!iirv |n>riion of the node (Fig. !'{*)• 
The trabcoiilie j^prinfring from tlie capsido i«'netnito the H(il>stance 
of the node Ijelwccn the follicles in the oortex, and then form a net- 
work of fibroiiti tissue lying In the meshes of the meilnllary lympli- 
adenoid tissue, after which thcv hecume cimtiuuous with the mass 
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of fibrous tissue at the hilus and, through it, with the capsule at that 
point. 

TIio lymphatic vessel connected with the n()de divides into a 
numlier of branches, the " afferent vessels," which penetrate the 
capsule at the periphery and open into a wide-meshed reticular 
tissue lying between the trabecnlie and the lyraphadenoid tissue of 
the foUides and the medullary strands. This more open reticular 
tissue, throiigh which the lymph circulatfis most freely, forms the 
Fra. m. 
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"lymph-sinuses" of the node, and is less densely crowded with 
lymphoid cells than the reticular tissue of the follicles and medul- 
larj- lymphoid tissue. The walls of these sinuses, which are turned 
toward the fibrous tissue of the tmbeculie and their extensions in 
the medulla, are lined with endothelium, and a somewhat similar, but 
probably much leas complete, lining may partially separate the 
sinuses from the lymphadenoid tissue. However this may be, it is 
certain that lymphoid cells can freely pass from the lymphoid tissue 
into the sinnaea, or in the reverse direction, and that there is a ready 
interchange of fluids l)etween the two. 

From the sinuses the lymph passes into a sinfjle vessel, the "effe- 
rent vessel," through which it is conveyed from the node at the hiluB. 

The arteries supplied to the lymph-node may be divided into two 
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groups : fint, aniall twigs which enter at the periphery and arc dis- 
tributed in the oapeule and fibrous tissnen of the trabeculie and the 
medulla; and, second, arterira which enter at the hiluu, pass through 
the sinuses, and ate distributed in the lymjihadenoid tismie nf the 
medulla and cortex. The veins follow the courses of the corre- 
sponding arteries. The nerve-supply is meagre, and consists nf both 
medullated and non-medullated fibres. Their mode of termination 
is nut known. 

In the centre of the follicles the reticular tissue t» more open and 
the lymphoid cells less abundiint than toward the periphery. Mitotic 
figures are of frequent occurrence in lymphoid cells in thii« region, 
and it is evidently a situation in which tliose cells actively multiply. 
Further toward the peripliery 
the retionlar tissue is closer 
and very densely packed with 
small lymphmd cells, to be- 
come more open again and 
freer of cells as it pafMwp into 
the reticulum of the sinus 
(Fig. 100). This last reticu- 
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liim becomes continnoiiH with delicate fibres given off fn>m the 
I of the caprtwle and trabeculie (Fig. 101). The distribution 
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of tli(! lymphoid cells gives the follicles a general concentric appear- 
ance. 

Tht> lymph-follieles of the cortex not infrequently blend with 
each other, and the activity of the cellular reproduction in their 
centres varies considerably and is soinetimeti entirely wantiug, when 
the concentric arrangement of the cells dtitappears. 

The atructure of the lymph nodes causen the lymph entering tliem 
to travcrst a scries of chanudb, the ' hinii&es) " which, in the aggre 
gate, arc much larger than the combined lumina of the ^essels sup- 
plying them The \eIotitv of its current is, therefore, greatly re 
duced ind it romains for a considerable time subjected to the attion 
of the lymphoid cells in and ntarthL sinuves Small particles which 
may have gained access to the Ijmph in its courbe through the tts 
sues are arrested in the lymph nodes, and are either consumed by 
phfigoe^tc" — I f cells poasess-ing the power of ameelHud mo\e- 
ment and cnpabie )f incorporating foreign sub-ftmcth — or irt con- 





:Qip:\ * - ^^ 





in. IBfihm »n<l f'BviJotr.) a, 
dltlilon : f. i!liinli--i-ll ullh r single 
t, gpwe occupied liy a flil-.'el 
^^lihllk wU. 



(nut reprvwuled) ; /, g; 



portions of the follicles, where, if inaus- 

tkry remain. It is in consequence of this 

^Mb^^z connected witli the bronchial system 



THE CIRCULATORY SYSTEM, 119 

of lymphatics arc blackened as the result of an accumulation of 
{jarticles of carbon that have been inhaled and then absorbed into 
the lymphatics. 

The lymph-nodes may, therefore, be considered as filters which 
remove suspended foreign particles from the lymph ; but it is 
probable that the dissolveil substances in the lymph are also 
affected in its passage through the nodes, and that a purification 
of tliat fluid is thereby occasional. A frt»sh access of leuc<K\vtes 
further alters the character of the lym})h during its tninsit through 
the lymph-nodes. 

Bone-marrow (Fig. 102). — In early life the medullary cavities of 
the long bones, as well as the cancellaj of the spongy bones, are all 
occupied by that form of marrow known as " wA " bone-marrow. 
This is functionally the most important variety. In after-life the 
marrow in the medullary cavities of the long bones becomes fatty 
through infiltration of its cells with fat, which converts them 
into cells quite similar to those of adipose tissue. Marrow so nuKli- 
fied is called " yellow " marrow. It may subse<juently undergo a 
species of atrophy, during which the fat is absorbwl fn>m the (»ells 
and the marrow l^ecomes serous, fluid taking the j>lace of the mate- 
rials that have been removed. This process results in the pnxluc- 
tion of a " mucoid " marrow. 

The marrow of bones jH)ssesses a supporting network of n»ticular 
tissue not unlike that of the lymph-noiles. In the meshes of this 
tissue are five different varieties of (^ell (Fig. lOiJ) : First, myelo- 
cytes, cells resembling the leucocytes of the blood, but somewhat 
larger in size and possessing distinctly vesitmlar nuclei. They are 
capable of ama»boid movements, and not infreciuently contain gran- 
ules of pigment which they have taken into their cytoplasm. 
Second, erythroblasts, or nucleated red l)lood-corpuscles, which 
divide by karyokinesis and eventually lose their nuclei, becoming 
converte<l into the red corpusc^les of the circulating blood. Third, 
acidophilic cells, containing relatively coarse granules having an 
affinity for "acid" anilin-dyes, such as eosin. These cells are 
larger than the majority of the leucocytes circulating in the blood. 
Their nuclei are spherical or polymorphic and vesicular. Fourth, 
giant-cells with unusually large bodies and generally several nuclei, 
though occasionally only one nucleus is present. They possess the 
power of executing amoeboid movements and appear to act as ])hngo- 
cytes. Where absorpticm of bone is taking place they are found 



yuEMAL ajSTOItOGT 



sw riw boiw that is b«iii^ removed, and have in this 
MowleU " 'asttucla^u." Kifth,bat3opfaiUcceli5,orplas[Da- 
u#fwtMi> ■•( tviiich i.t>titiii[u gniDuI«ts havii^ an affinity 



1^ 




: mlymph- 

'■ i-iiU, with 
I ...jnophlle) 

inj't'loplaz) wllh 
rtd cotfuuclei of 



_ . Tht'se peils sire relatively 

■jrti tW^jiM'iilly polymorphic Duclei. 

i .. *"■ nyunlf'd as forming a part 

■. ^^l-ivrpuarlos and It-iicocytes, 

>»^iu;hl til it by the circulating 

- i i» twiM^mnrrow have nut been 
_ ■. >fbii thv iTVlhrohlaets, by their 
w^ iMkiuMilii llie supply of rud cor- 

.vw* JiykW frooly mid open into 

-^ ii-HOy III dilat«, and cither to 

■ 4 ibc rctioiilnr tissue or to 

i .\i (III- oi'lls forminjj their 

''m iipcshcs of tht retic- 

ilii' roii^titiicnts of the 

L , devoid of valves, and 

.. «(MC miiniidi — r, 7,, binls — 
__^«t W <?(»>til(''' '<J ll'<^ venous 



THE CmCVLATOBY SYSTEM. 121 

radicles (Fig. 104). The veins leaving the bones are abuodantly 
supplied with valves. 

FiH. 1(14. 




Section nfamall Tcnoiis ndlcle In marrnw (.f the fuirl. (BiuiiicTO.) Jukt nitlila the vifruUr 
tvall la B lOQe of Icui'iirylcii. iiiic of wlilch rontalns a karyoklnctlc Huurv. Wllliln ihts 
itMie 1b ■ second Bine of erythmblaflii, Cnir undcrRniiiR illvleiun, anit In Ihc centra of the 
luntL-n are ■ number at maliinil red hlood-(.'»rpuiick>ii (n.titalnliig nuclil In Ihu enn' of 
blrdtil. The cylopliwin of the 1tupotj-tc« eotitHiim ni> hiimoj,'loliln, while that of the 
erythroblaMB does. In blnU anil, probably. In other classea of animals the marrow 
of the bones is one of Ihe sUes for llie production of lfnc<ic>-tos as well aa red eori.nscleB. 
The latter are not pTHlucod IVoniIhe former, but only from (he erythniblami:, ulilrh ron- 
ttilule a <llbtlnct varlely of ei'll. 

Throughout life the cam-oil jitctl portions of tlie flat l)oiies nmi of 
the bodies of the vertebne tiiotain hkI marrow, but the shafts of 
the long bones are occtipied l»_v tlie yellow variety, whielj has lost 
its (M>wer of producing red blood -corpiisck-s and leucocytes, and 
has, therefore, become funcliimally pas-Hive. 
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THE BLOOD AND LYMPH. 



The bliKMl consists of a fluid, the plasma, in whicli three sorts 
of budiea are suspended : the red eurpuades, the leiieoeytes or 
white eiirpiisele!?, and the bluod-plates. 

The plusina is a solution in water uf ulbuniinoiis and other sub- 
stanees. Some of these are of nutritive value to the tisanes of the 
body. Otiiere have been reeeivc<l from those tissues, and are on 
their way toward elimination from tiie body. Still other coii- 
stituGuts have [assed into the blood from one part of the body, and 
are destined to he of use to other parta. 

In llie smaller vessels, while on its course through the circulatory 
system, portions of the plasma make their way through the vascular 
walls and form the fluid of the lymph. This passage appears to be, 
ID part, u BiDiple filtration through the walls of the vessel, or the 
result of osTUosis ; in jKirt, the result of a s|iecieH of secretion 

Fiii, lOo. 
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effected by the endothelial cells lining the bloodvessels, these cells 
promoting the eseaiw of certain constituents ()f the plasma and 
restniining or preventing thai of others. In the exercise of this 
secretory function the endothelia iu different parts of the vajwular 
system appear to act differently, the comixtsitinn of the fluid passing 
through the walls of the vessels not lieing exactly the same iu all 
party of the body. It is still a ([Uestion, however, iu what degree 



1 



THE BLOOD AND LYMPH. 123 

the endothelial cells are active in bringing about tlie.se diiferences. 
Their character is not su(?h as would be ex})ected of c^'Us carrying 
on active processes. 

The red corpuscles are soft, elastic discs, with a concave impres- 
sion in both surfaces (Fig. 105), They are slightly colored l)y a 
solution of haemoglobin, and are so abundant that their j)rcsence 
gives the blood an intense wd color ; but when viewed singly under 
the raicroscoj)e each corpuscle has but a moderately pronounced red- 
dish-yellow tinge. The hiemoglobin solution is either intimately 
associated Avith the sul)stance composing the body of the corpuscles, 
called the " stroma,'' or it (K;cupies the centre of the corpuscle and 
is surrounded by a pellicle of stroma. 

Under normal conditions the red corpuscles, in man and most 
of the mammalia, are not cells, for they possess no nuclei, nor are 
they capable of spontaneous movement or multiplication. They 
are, rather, cell-products, being formed either within the cytoplasm 
of cells of mesoblastic origin, or by the division of cells derived 
from the mesoblast, and called erythroblasts, the descendants of 
which become ccmverted into red corpuscles through an atroj)liy and 
disappearance (probably ex])ulsiou) of th(^ nuclei and a transforma- 
tion of the cytoplasm into the stroma, which take j>Iace after the 
elaboration of the hiemoglobin within the cell. The former, or 
intracellular, mcKle of production occurs in the cmbyro, evni befon^ 
the complete development of the bloodvessels ; the latter mode of 
production seems to be the only one occurring in the adult, the chief 
location of the erythroblasts nj)j)('Jiring to be in the red marrow of the 
bones, where thev are situated cither in the tissues of the marrow 
itself, whence their <les(!endants, while still celhilar, pass into the 
vessels, or in the large venous ehnnnels of the marrow, where the 
blood-current is sluggish and the ervthroblMsts remain close to the 
vascular walls. In souk^ nmcmic conditioiis the erythroblasts ap- 
pear in the cireulatiug blood, where they may be distinguished i'roni 
the normal red corpuscles by the presence* of their nuclei and, fre- 
quently, also by a difference in size (see Fig. 10.'^, c). 

In the reptilia and birds the red corpuscles are normally nu- 
cleate<l ; but, though inorj)hologically resembling cells, they are 
incapable of multiplication or spontaneous movement, and have 
undergone suc^h modifications that they are not cells in a pliysioI(»g- 
ical sense. 

The functional value of th(^ red corpuscles is dependent uj)on the 
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hfemuglitbin lliey contain, which is said to constitute 90 per cent, of 
their solid matter. It is readily oxidiz*^ and re<lured again, and 
serves to carry the oxygen of the air, obtained during the passupo 
of the tiluod through the pulmonary capillaries, to all parts of 
the body. The red corpuscles, therefore, subserve the respiratory 
function of the blood, as the plasma subserves its nutritive fuuc- 
tioi). 

The lencocytes, or white blood-corpuscles, are cellular elements 
closely resembling the amceba in their structure, which are present 
in the blo<Kl in much smaller niimljer than the red corpas<rles, the 
usual proportion being about one to yix hundred. They vary some- 
what in size and structure, either because of differences in their origin, 
or because they are in different st^igen of development. The majority 
of them are cu])able of ama?boid movements ; but while they are cir- 
culating in the more nipjd currents of the blood the constant shocks 
they receive through contact with other corpuscles or with the vascu- 
lar walla keep their cytoplasm in a contracted stat« and they maintain 
a globular form. If, however, through any chance they remain for 
some time in contact with the wall of a vessel, they are able to make 
their way between the endothelial cells and pass out of the circulation 
into the surrounding tissues. Here they creep about, and for this rea- 
son have licen calletl the migratory or wandering cells of the tissues. 
They ultimately either suffer degenerative changes and disappear, 
or find their way back into the circulation through the lymphatic 
channels. During these excursions they may incorporate stray 
particles in the tissues, and thus act as scavengers. This activity 
has l>een called their phagofiytlc function, and may play an impor- 
tant part in the removal of material that should be alisorbed or of 
particles that would otherwise he injurious to the tissues ; c g., 
bacteria. (See statements regarding the nature of colostrum -cor- 
puscles.) 

The emigration of leucocytes from the bloodvessels is pronounced 
in many of the inflammatory processes, and their phagocytic fimc- 
tion may have a marked influence on the result. 

The leucocytes are produced in the lymphadenoid tissues of the 
body, the lymphatic glands, thymus, spleen, and the more diffusely 
arranged tissues of like structure, but probably most abundantly in 
the red marrow of the bones, 

A close study of the leucocytes has resulted in their subdivision 
into a number of groups according to their morphological differences 
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or to peculiarities in their behavior upward c«jlf»riiig-matter8. The 
best defined of the^se ^rrciup;* are : 

1. The poljiiiiclear neutrophilic leucocytes, in which the nucleus 
has a very irregular form, often presenting the apiiearance of two 
or more nuclei, and the cyt<iplasm contains granules that have an 
affinity for neutral anilin-<lyes (Fig. HJ6, / and g). This variety 
constitutes about 72 jht cent, of iht- total numlicr of leucocytes, and 
is probably produced chiefly in the red marrow of the bones. They 

Fig. 1*>5. 




Leucocytes from normal human til--''!. K«»hrn an«l I»avidi»rt'. i /?. n*d h!«»od-c(»rpu«cle. inln>- 
dneed fur comparirvin: '». Mnall m-.-n'^'iiuolfur U-uccK-yti* ■ lymph* »cytf : r. lanrc mono- 
nuclear leucf pcyte : o- pi^lynuclear leuf -i^yte. These diirer in the character ("f the granules 
they contain rnot reprt's»-!itHi in the fisfirt- . In niirmul blood thnse uranulvs arc neutro- 
philic in the vast maj-trily of the y»*»lynu'."l<:-at»;'l lv'i«-'«cytes. u<M'asii»nally ihcy are acido- 
philic, "ecinophile U-UO' ic-yt •.•>'■ : foujetiinf *• b»;t phillr. " m«>t-fells" or " pla>nm-cell8." 
rf, <,/, inlermi.iliat*- and prfihahly t^an^itii.•nHl f ri:> t«t\\t-en the large mononuclear leu-- 
cocyte« f, and the i^nv nucleated leucficytt-s. or l«ruf • cytes with polymorphic nuclei, g. 



possess the pjwer of exfK*uting anuehoid movements and incor- 
porating foreign particles. 

2. The Ijnnphocytes, with a siii^Me nmnd nucleus and a little clear 
cytoplasm around it. Thc<e IfueiM-yies an» of al)ont the same size 
as the hkI blcjo<l-c«»rj»u-eI(^ i Fi;:. loi;, //). They are derived from 
the lymphadenoid tissue in tin* lymph-nodes ami other situations, 
and appear to 1k^ ineajuibh* ot*aiini'i)oid nh»vement. They constitute 
about 23 per cent, of the total nunil»er of leiieoeytes iii normal bhuHl. 

3. The large mononuclear leucocytes, which are lar<rcr than the 
red corpuscles an<l have oval nuclei siirroun<led by elear cytoplasm 
(Fig. 106, c). This variety has also received the name ** myehnnte," 
on the probably correct assumption that they are derived from the 
red marrow of the Ijoncs. They are cajjable of passing through 
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fibrilf* nkST fat aeicnext^^d TBH* Ibitm* tikllRMl^ \:iiTioii«^ hiiKirw^ynx. 

m 

bl<«:«] if tilt <apraiaix4i lit arres^^d £«- :ftnT <wi<ad<4mhk- ksictii t*^ 
time. It ^ypfsMTr v* ite ibe rEsnh ^•f the intei^rncB of S^nr snK- 
^lAiKer : £bni>i:«<ezL ficiiKfilasdiiL £bnih4eniioiii, awl faille ^4 linne-. 
Hk- kn<-r aire jlIvjit-« f4«es4»it in iLt- ii?<sof^: fiKriim«ra <'3Ki<^ in 
the pb^2Xtt of iIk- fak«.«i aDd lymph. ai»d if>. tfaeiv'Atiw veiy rnxMr 
disftrilMiUKL Tbe fibnxKiplasnii Lr believed to K-^ fieri wd fnwi tlie 
bodieTi' of ctlh thai have imdenrctoe some de<i:tniciive chance : and 
the ferment mav Imr derived frctm the saune <^hitw. TIkm^ UHir 
^ubr-taDee^ are pnescrnt when the flow o{ blood thncwigh the v^trs^ 
£eL ha« been seriously checked for a <XftR^ider3ible period : fibrin i$ 
then formed. caa«ing a coognlatiitn of the bkxd. Such a cloi« 
within a ver^el during life, is called a ** thrombus.'*'' Ci^i^laTi^Mn 
takes place mf»re rapidly if there be a destriK'^tion of tissue : r. p.^ 
a break in the wall of the vess^el. It may al^> be o^x^asioneii by a 
roughne?* on the internal surface of the vessel, if the flow of bKn^l 
over tliat cjb?-tniction is seriouslv retaidevi. In such a rtus^^ the 
fibrin-forming elements may be liberated fn>ni the botiies of leuiw 
c\te> that find Icxigement behind the obstruction and suffer injury, 
or they may be derived from bhxKi-plates that have Un^n arreste^l 
and undergone similar changes. In a like manner, fibrin may Ih^ 
formed in the lymphatic vessels or the interstices of the tissues.* 

' An explanation of fibrin-fornimtion. offered bj Lilienfold. would 8on*<» to 
elucidate manj cafles of coagulation under morbid ciroumstancea. Aixt^rding to 
this obeerTer^ fibrin is formed by the union of ** thntmbotdn ** with calcium^ atid is« 
therefore, a calcium-thrombnsin compound. The thromboetin is pnxluced fn>m 
fibrinogen by the action of nuclein, which in turn is formed from the nuole^^histon 
contained in the nuclei of cells. Coagulation, then, would lie the nvult of the 
following procesri : the nucleohiston in the nuclei, during "karyolysis" ordis^intogra- 
tion of the nucleus, is decomposed into " hii^ton *' and nudein. The latter, acting 
•on fibrinogen, produces thrombosin, which unites with calcium to proihiiv tibrin. 



CHAPTER X. 

THE DIGESTIVE ORGANS. 

The digestive tract consists of six hollow, and for the most part, 

tubular orpans, which successively open into each other and extend 

fri>ni the pharynx to the anus. The foixl, after mastication and 

admixture with saliva in the mouth, jmsses through (1) the o?soph- 

agus into (2) the stomach. Here it undergoes digestive changes 

under the influence of the gastric secretions. Thence it jwisses into 

{}\) the duodenum, where the secretions of the liver and pancreas and 

other glands are mixed with it and still further fit it for absorption. 

From the duixlenum it enters (4) the small intestine, the walls of 

which take up the available products of digestion, and thence 

ptts^kes into (5) the colon. In the latter the fluid jyortions are 

{ItniduaUy absorl)ed and the relatively dry residue, the fjeces, passes 

tHit of the Ixxly through (6) the rectum and the anal orifice. 

Tin* walls of the digestive organs have a general similarity through- 

t>ut tlic whole of the digestive tract. They consist of four coats : 1, 

*n intonuil mucous membrane ; 2, a submucous coat ; 3, a muscular 

<s^t ; ami, 4, either a serous or a fibrous ext<?rnal coat. These coats 

*w^ lv*peotively, cimtinuous with each other throughout the whole 

imct« The internal coat, or mucous membrane, varies in both 

MnKiniv and function in the different organs, and will, therefore, re- 

^uiw o\<wr study than the other coat». The latter have nearly the 

«wic strwinn^ in all the organs. The submucous coat is made up 

<rf AwoUr fibrous tissue, which permits some freedom of motion 

V^wcn the mucous and muscular coats, and (!ontains the larger 

M.\^Kt^\!i »ih1 lymphatics that 8upi>ly all tlu» (M)ats. The mns- 

ouUt <y>*t «ma*ts in general, of two layers of smooth muscular 

tw*w ; *n wtonttl ciTCular layer and an external longitudinal layer. 

\n ftinrtu^ W to produce those vermicular or iwristaltic! move- 

hh^M* >iiVK)im\3[ tnd {rradually pnipel the finKl along tin* digestive 

^fMs TVcxtmttl coat is smooth and wrous over tliose portions 

<<aV \tiKA^K\i T«\u\retlie greatest fm-dom of motion. It is 

nrm^wt ccwkf^k^Vml, isbere present, is really a portion of the 
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leritonvum whicli partially envelops the organs that are contained 

1 the abdominal cavity. Where this serous covering is wanting 

&e external coat (xinsist^ of areolar fibrous tissue, which serves to 

Keonnect the organs of the digestive tract with neighboring struct- 

■mres, and thus bccomt'S continuous with the areola r-tissue isystcm 

f pervading the whole body. It supports the vessels and nerves 

which make their way through it t« the differeut oi^na. 

In addition to tlie organs above enumerated, it is appropriate to 
consider here the structure of the tongue, pharynx, salivary glands, 
L an<l panci'ca^. 

1. The tongue consists chiefly of voliintarj' muscles, the fibres of 
Iwhidi an- grou|K>d in bundles running in various directions through 
I the substanco of the organ. Between the individual striated mus- 
I. de-fibres, and also between the bundles into which they are col- 
ftbctcd, tliere is a variable amount of areolar fibrous tissue contain- 
fiDg fat, nerves, and bloodvessels (Fig. 65). This areolar tissue 
Fie. 107. Fig. 108, 
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ijs more abun lant near the surface of the tongue, and w covered 

llrith a la\er of stratifiel tp thelium, thicker at the sides and on the 

4orflUjn ot the tongue than on its under surface, where it becomes 
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continuous mth tin; wtralifiwl i-pU helium covering tW gums am 
liuiog the buccal cavity. 




.nu ,...,.■.«., ■..-.^i—p.,.™:, ..uu.l. (RsnTler.) p.j/.flliroiii itMueciileEdlnglntothe papilla : 
p", Iliat containing IliB nerves pining lo the tB " '^ ' ..--..... .... -. 



iiDTallBtG papillic r ' 

--'-• lliBni. , 

■ serous gUnd. 



The upper surface and the edges of the tongue are covered with 
papillae, some of which are pointed (filiform papillte), others rounded 




a, duct; b,HvlauBup«ului|lat«&diK't-radide: 
liar lot. Bet Veen and below a and f, crou-cei 
elongated nude) oi 



iBvudn anil Guuntbtr a Allai 
Uuvd with niuctKeniiiu vellH, iln 
1 smiitl artery, rucugnluble bf tt 



(fuDgifurm jHipillEe), and Ktill others surrounded by a sulcus (cir- 
cumvallatc jiapilliE) (Figs. 107-109). Within the epithelium lining 
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this sulcus are peculiar groups of cells, called taste-buds, which will 
be described in a subsequent chapter. At the junction of the 
middle and posterior thirds of the upper surface of the tongue 
there are several of these circum vallate papillae which are of 
unusual size. 

Within the subepithelial areolar tissue, and often extending for 
some distance between the muscles, there are, here and there, small 
racemose glands, which secrete a serous or mucous fluid (Figs. 109, a 
and 110). They are most abundant on the back and sides of the pos- 
terior part of the tongue, and their ducts frequently open into the sulci 
of the circumvallate papilla;. Within the subepithelial areolar tissue 
small collections of lymphadenoid tissue (lymph-follicles) are also of 
not infrequent occurrence. The papillse covering these are low and 
inconspicuous, so that the surface of the tongue appears unusually 
smooth at those points. 

2. The salivary glands belong to the racemose variety of secreting 
glands. The secretions which they furnish are of two kinds : 1, a 
thin, serous fluid, containing albuminoid materials, among which are 
the specific ferments elaborated by the gland ; and, 2, a viscid fluid 
containing mucin. These two secretions are furnished by acini lined 
with different varieties of epithelium. The parotid gland secretes 
only the serous fluid, and is composed of serous alveoli. The sub- 
lingual gland secretes only the mucous fluid ; but the submaxillary 
gland secretes both, and, therefore, contains both serous- and 
mucous-secreting cells. 

The cells which line the mucous acini have clear bodies, as the 
result of a storage of transparent globules of mucin or mucigen 
within the cytoplasm. Where these globules are abundant the 
nuclei of the cells are crowded toward the attached ends of the 
cells. When the mucin is discharged from the cells they become 
smaller, less clear, and more granular in appearance. 

At the periphery of the acini, and especially well marked at or 
near their blind extremities, are, here and there, crescentic, granular 
epithelial cells, which may reach the lumen of the acinus or be 
crowded back by the enlarged cells adjoining them. These cells 
form the " crescents of Gianuzzi." In the submaxillary gland, at 
least, many of these crescents secrete the serous or albuminoid fluid 
mentioned above. This secretion reaches the lumen of the gland 
through minute intracellular channels (Fig. 111). 

The serous alveoli of the salivary glands are lined with cells that. 
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■t eertiuD etagec of thnr acdr^, are so CTOvded «ith grsBules tliat 
tlie oodei aiv otwicnred. l^eet ^runilee air die aocmanlaied mate- 
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r acdve for some tuoc tltirT dimiiueli in nuiuber. 




aad die Dudei tlien <stain into view. At the same time the cella 
bteuBW Mualkr, and ti»: limicn irithia the at^ious, whioh at first was 
baldly ilii<jiugiiii>hal>le, l>e(yiiues enure nlivions. 

Tte efHiheliuDi lioio^ tlie afini of all thv saUvar>' glands rests 




la portion nfa buai«n ■abmai II Urr gUnd. lEniiK.) a,di 
ilrlalMl ■! tbalr bam kiul t«Hlas inM ■ mon! cubical cpilhe- 
n ' A, inurotu ccll*^ c, acroui eeUt: ct.cretcenl: e. buMiaeDt. 
Iio n-nrolutfdcourw if tbv iluda and tubular aclol baa been 
llDorwl, and lliey bavc b«;n ri.'|>r(»eated aa Uiuugh lylnr tn a single plana. 

Upon n nitMltfied coniioetive tii«siu>, (»]led the " Itasement-membrane," 
wtiieh nmniHtM of flattcDed (m^IIh arraii(fcd lu form a broad, mem- 
bniiioiiM retieiiliim, tlie mc^liei4 of w)ileh nro filled with cement. 
Otilnidi' of thiH bane men t-nieoib rune there ia a small amount of 
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Ta»;ular sreolar tissue, and broader bands of that tissue divide the 
wliole gland into small lobes and these again into still smaller 
lobules (Fig. 25). 

Tiie ducts of the salivary glands are lined with columnar or pyram- 
idal epithelial cells, the attached ends of which often show a stria- 




.ralUled epllbeli 
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brane b ■ ibmuooUE coat c mutculac coal d, flbruos ci 

■nbepitheliBl areolut llssiie (aomelimM called the " tunica propria " or the mucouB mcm- 
branel ; g. muBcuLarla maCDsie ; h, areolar tliHae of the tubmncofa, containing Ihe chlet 
brancbm or the arterial and veauus tcsshIs; i. Internal, endrcling layer of tbemiiaculax 
eoal. It 1« Ihe oonlrapllon of this coal that hai caused a longitudinal wrinkling of lbs 
mucoui membisne. Otie of thnie fnlde In coroptelelr and two are pBTtialli ihown. }• 
exlernal, lunKitiidlnal layer of the muacularcoat; 1-, areolar tissue forraing the external 
coat and connecting' Ihe neopbngui with neighboring structures. A (^w largo veaaela 
entering the ixaopbague are represented In thla e<iBl. 

tion perpendienlar to the surface of the basement-membrane (Fig. 
112). 

The nerves ramify in the interlobular areolar tisane and send 
delicate, non-medn Hated fibres through the basement-membrane to 
be distributed upon and between the epithelial cells. Occasionally 
amall ganglia are seen npon the larger nerves. 
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3. The (Esopliagus (Fig. 113). — The mucous membrane of die 
n-Hci[)hagus ia composod of three layers. The injiernioat layer ia 
niatie up of atratifieil epithelium. Beneath this is a layer of fibrous 
tissue, with small papiUie extending into the deeper portions of the 
epithelium (see Fig. 38). Outside of this is a layer of longitudinal 
amoolh muscular tissue, the "muscularis mucosie." This ia hut 
imperfectly represented at the upper part of the oesophagus, but at the 
lower end forms a contiuuoiis layer separating the " tunica propria " 
(Fig. 113,/) of the mucous membrane fnini the submucous ooat, and 
becoming continuoua with a similar layer of smooth muscular tissue 
in the mucous membrane of the stomach and intestine. Occasion- 
ally small, imperfectly defined lymph -follicles are met with in the 
mucous membrane. 

The submucous coat of loose areolar tissue contains small race- 
mose glands sparsely distributed through it, the ducts of which 
])Cnctrate the mucous membrane and open upon the internal surface 
of the cesophagus. 

The muacular coat consists of an internal circular and an external 
longitudinal layer, which at the up{x>r end of the cesophiigus are 
coiupcised of striated muscle. This is gradually replaced by smooth 
muscular tissue furtlicr down the ceaupfaagus, and at its lower end 
only the latter tissue is found. 

The external coat of the tpsophugus is represented by a variable 
amount of areolar tissue which loosely connects it with the sur- 
rounding structures. 

4, The Stomacli. — Nearly the whole thickness of the mucous 
membrane of the stomach is made up of straight tubular glands 
{gastric tubules), which lie iteri)endicular to the surface, and are 
separated from each other by only u small amount of a delicate, 
highly vaacular areolar tissue. This is a little denser and more 
abundant Iwlow- the deep ends of the glands, where it separates 
tlieni from the muscularis mucosae forming the deepest layer of the 
mucous membrane. 

The mouths of the gastric tubules open into shallow, polygonal 
depressions or crypts on the surface of the mucous membrane, 
several glands opening into each depression. These depressions 
give the internal surface of the stomach a reticidar appearance when 
viewed with a low power. They, and the ridges which separate 
them, are covered with a rather tall columnar epithelium. The 
glands which open into them are of two kinds: the "pyloric" 
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■■-ariety. so-«ill«I becaiu-sc more aliiindant at the pyloric enti of the 
-i.-tiiai'h. and the "' canliac " variety, wliich prciKinderati' near tlic 
':intiaf .jnd. 

Hie pyloric {lands (Fig. 114) Iiave the simpler stnicture. They 
-ji,<^— ;t .■iimparatively deep ami oiK-n mouth, lined witii columnar 
pcnifjial i-t'lls similar tn and eontiniioii^ with tho^ IJtting the de- 
■'p-iji. 111:? already moiitioned, and, like them, iiiueigenons. Into 
tn-.' ruoiiths i>ne or nior*.' straight tubular glands, lined with low, 
::n!iiiiar .olumuar if lis. dt^lmrge their secretion. 

"!h- csidiac glands ^Kig. 115) have shallower mouths than the 

■■» :-n- ^iamls, and the tubes that ojwn into them contain two sorts 

oiiiiiiiai i.-*iU: I, the "chief" or central cells, which line and 

■cartv ill -.110 wiiiili- tubule, Kniviug only a very small and sonie- 

»ii:t, ■r'ti.iu- 'uiiu-n in the centre; and, 2, the jKirietal cells, lying 

, !.ii':-.!- MMwn the wntr.il cells and the surrounding connective 

■>.„f. nil -*'iiuiiuu-i projtrting between two central cells nearly 

.:;v '■ wv "uiiii-n of the gland. Very fine channels run frcmi 

■J, itimi ■' and ;iivimd tlu-s*- [xirietal cells, which are believed to 

■ ■-..-n M« >«• .icid of the g-astric juice (Figs. 116-118). 

Kii!. ir. Pig. 118. 
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The deepest layer of the mucous membrane is the muscularis 
mucosse, made up of two or three strata of smooth muscular tissue 
in which the fibres run in different directions. 

The submucous coat of the stomach consists of loose areolar tissue, 
which allows considerable freedom of motion between the mucous 
membrane and the muscular coat. When, therefore, the organ is 
empty the contraction of the muscular coat throws the mucous 
membrane into coarse folds (rugse). The large arteries, veins, and 
lymphatics course in this submucous tissue, and thence send branches 
into both the mucous and muscular coats. The nerves also form a 
gauglionated plexus in this coat. 

The muscular coat consists of an external longitudinal layer, 
inside of which is another layer encircling the organ. The external 
layer is continuous with the outer muscular layer of the oesophagus. 
The internal muscular layer of the latter organ is continued into the 
wall of the stomach as a scattered set of oblique fibres lying internal 
to the encircling fibres already mentioned. The muscular coat of the 
stomach may, therefore, be considered as composed of three layers, 
the innermost of which is incomplete. At the pylorus the encircling 
muscular layer is thickened. 

Aside from the fibrous tissue that more or less completely sepa- 
rates its layers, the muscular coat contains gauglionated nerve- 
plexuses. 

The external surface of the stomach is covered with a serous in- 
vestment of peritoneum, except along the curvatures, where the 
peritoneum is reflected from the organ, jxirmitting the passage of 

its vessels and nerves. 

5. The Dnodennm. — The structures characteristic of the small 

intestine first make their appearance in the duodenum. We shall 
first consider those features which are found throughout the small 
intestine, and then describe those which are peculiar to the duod- 
enum (Fig. 119). 

The mucous membrane presents thin, transverse folds, the val- 
vulse conniventes, which are not obliterated when the intestinal wall 
is stretched. They are made up of a thin layer of areolar tissue, 
extending from the submucous coat of the intestine, which is cov- 
ered on both surfaces with mucous membrane. This arrangement 
serves greatly to increase the surface of mucous membrane coming 
in contact with the contents of the intestine, a provision facilitating 
absorption of the products of digestion. 
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The vahiilie conniventes b^in a short distance below the pylorus, 
and are very numerous and prominent in the duodenum, but become 
progressively less frequent and pronounced in the lower portions uf 
the small intestine. 

The absorbent surface of the ?mall intestine Is still further in- 
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creased by the presence of innumerable minute, finger-like projec- 
tions from the surface of the mucous membrane, the villi. These 
are just discernible by the unaided eye, and pve the internal surface 
of the intestine a velvety appearance. 
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Between the attached ends of the villi, and opening upon the sur- 
face of the mucous membrane, are tubular depressions extending 
nearly to the muscularis mucosse. These are the " crypts of Lieber- 
kuhn/' and have the appearance of simple tubular glands ; but it is 
doubtful if they elaborate any peculiar secretion. These crypts are 
present, not only in the whole extent of the small intestine, but 
also throughout that of the colon. 

The crypts of Lieberkiihn are lined with columnar epithelium, 
which also covers the surface of the mucous membrane and the villi 
springing from it. The cells composing this epithelium multiply in 
the crypts, and, as they mature, are gradually moved toward their 
orifies, whence they replace those that have been destroyed upon the 
surfaces of the villi. The cells possess a granular cytoplasm, which 
becomes infiltrated with fat during digestion ; an oval, vesicular 
nucleus ; and a delicate cell-membrane. The free ends of the cells 
are formed by a well-marked cuticle, which may be either homo- 
geneous in appearance, or present very fine vertical striations (Fig. 
37). Many of the cells arc mucigenous and contain globules of mucus 
near their free ends, or appear as goblet-cells after the discharge of 
that secretion. These cells are more abundant on the villi, where 
they are older, than in the crypts lined with less mature cells. 

The epithelium rests upon a basement-membrane, which contains 
nuclei, and is therefore comi)osed, in part at least, of cells. Beneath 
this basement-membrane is a layer of reticular and areolar tissues, 
containing a variable number of lymphoid cells and numerous 
capillary bloodvessels. The rest of the mucous membrane, down 
to the muscularis mucosoe, and the axes of the villi are occupied by 
areolar fibrous tissue. 

The thin muscularis mucosae, which forms the deepest layer of 
the mucous membrane, is made up of two layers of smooth muscular 
tissue : an internal layer, in which the fibres run transversely to the 
axis of the intestine, and an external longitudinal layer. From the 
upper surface of this muscular layer of the mucous membrane 
muscular fibres extend into the villi, in the areolar tissue in their 
axes, and serve to shorten the villi by their contraction, so that the 
villi are moved about in the intestinal contents during the process 
of absorption. In the centre of each villus is a capillary lymphatic 
vessel arising in a blind extremity near the apex of the villus. 
These lymphatics open into a lymphatic plexus situated between the 
muscularis mucosae and the ends of the crypts of Lieberkiihn, and 
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thence dischai^e tlieir coutcnts int<3 the lympliatioa in the sub- 
mupopo. The muscular fibres in the villi pr((l>ably aid in the pro- 
puleioD of the chyle in these lymphatics (Fig. 120). 
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The Bubmucoii.s coat of tho intestine is composed of areolar fibrous 
tissue. Outside of this coat is the miisctihir coat, divii^iitle into two 
layers, which is ravered thmughout the whole cirrumferenco of the 
intestine, except at the line of mesenteric attachment, with a serous 
investment of the jjeritoneum. 

In the duoilenum the submucous coat contains compound tubular 
glands, the glands of Uruiinor, the ducts from which penetrate the 
miiscularis miieosse and open u\x>n the surface of the mucous mem- 
brane, between the crypts of Lieberkuhn. Here and there, in the 
duodenum, are little collections of lymphadenoid tissue, occupying 
an enlai^ed villus and often extending through the muscularis 
mucosie into the submucoua areolar tissue (Fig. 121). These 
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lymph -follicles may bo rtgartled as tlio result of an increase in the 
amount of reticular tissue of the vilhii;, which has replaced the 
other stnicturea nsually present. In the lower [>ortions of the 
small intestine there are collections of these solitary follielea, 
whioh have recei\ed the name " Foyer's patches," 

6. Tlie small intestine helnw the duodenum resemblee the latter 




/ 

Section of BoUury runiclc frotu tho Ileum. (CadlBl.l a,«pace left by the dlBlnteitrsllon of 
(hecenlral, deUcale lyropb adenoid tluiie ofUie roltkic during the prepantlunofihi' see- 
tlon; b. coliunnar eplthcliam of InlestlaslsnrlkeD: r, r.TlIll, piirIlBt[y denudcil iirt^pUhe- 
Uum; d.crypl: e,/,mUBCUlarisiDUCOBic: aliovo/.lho point where IDe TeaatlB enter the 
ttilUcle. The Peycr'a paleheB mrc pollBctloni of lUFh solitary foUIcleg, placed ?Mc by side 
and deMiliite of tIUI at Ibclr uppur iiirhceB. 



in structure, with a few modifications, which become pii:^ressively 
more marked as the distance from the stomach increases. 

The glands of Brunner are most abundant near the upper part 
of tile duodenum, more sparsely distributed further down, and 
usually disappear entirely before the beginning of the jejunum. 

The valvulffi conniventes, which are most highly developed a 
little below the entrance of the gall and pancreatic ducts, also 
become lower and less frequent along the course of the intestine, 
and finally disappear about the middle of the ileum. 

The crypts of Ijteberkiihn are deepest in the upper part of the 
intestinal tract, but persist in shallower form throughout its whole 
extent, as well as along the whole length of the colon. 
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The Foyer's patches are most abundant in the lower part of the 
ileum, where they lie in the inteetinal wall opposite the line of 
mesenteric attachment, and form oval areas with tlieir long axes 
parallel to the axis of the intestine. 

7. The Colon. — The mucous membrane of the colon is destitute 
of villi, but contains crypts of Lieberkiih» closely arranged side by 
side und lined with columnar epithelium rich in murigenous cells. 
The muscularis mucosw is similar to that of the small intestine, and 
gives oif occasional fibres that penetrate between the crypt-s. 

The submucous coat resembles that of the small intestine, and, in 
common with the mucous membrane, contains solitary lymph-fol- 
licles, most abundantly in the ceeciim and vermiform appendix. 

The muscular coat has its outer or longitudinal layer most highly 
developed in three bands, which are situated about equidistant ly 
around the circumference of the bowel and occasion a poueliing of 
the intervening wall. 

The serous coat is ^milar to that of the small intestine, but is 
occasionally extended over small pendulous projections of the 
subserous fibrous tissue, which contain adipose tissue, appendices 
epiploicse, 

8. The rectum resembles the colon in its structure, except that the 
three muscular bands present in the latter are wanting. The mucous 
merabraue as it passes into the anal canal loses its tubular glands, 
ami subsequently becomes covered, not with columnar, but with 
stratified epithelium, continuous with the epidermis of the skin 
around the anus. 

9. The pancreas (Fig, 122) has a structure similar to that of the 
salivary glands, but its lobules are sejiarated and held in place by a 
rather more considerable amount of loose areolar tissue, in which 
there are occasional groups of cells of uncertain nature, but cer- 
tainly distinct from those lining the glandular acini. They are 
called the "interalveolar cell-i.tlets," and may, ])erhaps, be of the 
nature of ductless glands (q. v.). 

As the pancreas exereises its secretory function the granules 
within its cells move toward the Itimina of the acini and successively 
disappear, tlic attaclicd ends of the cells becomiug clearer and the 
whole ceW diminishing somewhat in size during the process. 

The nerves of the stomach and intestinal tract form two gan- 
glionated plexuses, the plexuH of Auerbach, which lie^ between the 
two layers of tlie muscular coat, and tlie plexus of Meissaer, situ- 



THE mOESTIVE OROASS. 



143 



ated in the submucous coat. From these plexuses fibres are dis- 
tributed to the muscles and other structural elements. These fibres 
are of the non-medullated variety. 

The nerves of the pancreas are also non-medullated, possess a 
few ganglia within the organ, and are finally distributed among the 
epithelial cells. 

The Tonsils, LTmpli-fbUicleB, and Feyer's Patdies. — These collec- 
tions of lymphadenoid tissue in the aliroentary tract have special 




ecliunuf human pancreas. (B6hm and Dsvldoff'.) n. larger duct : A, beginning of du(^t: c,d, 
acini wllh celle belonging lo tlie coriuitpondlng ducl-radicIeB iD their centen; e, acinus, 
cut juit beyond (he iumen : /, Interalveolai' cell-group (T) ; g, fibrous eoaaective tissue, 
formlug the Inlerslltlal lluue of the organ. 



interest to the physician as being points particularly liable to infec- 
tion. The solitary follicles of the stomach and of the small and 
lai^ intestine, and the collections of such follicles forming the 
patches of Peyer, are the sites which are most vulnerable to 
invasion by patht^nic bacteria in tlie digestive tract, though they 
are probably protected to a considerable extent by the germicidal 
powers of the acid gastric juice. This is not always capable of 
guarding them from infection by the typhoid and tubercle bacilli, 
and in the diseases of the intestinal canal occasioned by those bac- 
teria the follicles and Peyer'a patches are the seat of the earliest 
and most extensive ulcerations. The tonsils, which have the same 
jieneral structure, are still more prone to infection of various kinds, 
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for they arc more directly exposed to the action ol' bacteria that may 
gain access to the moutti. 

The reason for this vulnerability appears to lie in the close prox- 
imity uf the lymphatics to tlie surface and their meagre protection 
by a thin layer of epithelium liable to abrasion or destruction. The 
solitary follicles of the intestine, for example, are covered with a 
single layer of columnar epithelium (Fig, 121), 

The lymphadcnoid tissue of the tonsil, it is true, is protected by 
a layer of stratified epithelium ; but the surface of the tonsil is invag- 
inated to form the crypto of that oigan, aud within those crypts it 
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sptiDci ilin.iijli Miiv if I I.I' iTjj.i- <i( (lii;i<.ni!ll. i^iOlir.) f, Blnillflfdepllliclluniof Ihegen- 
arnl BiirfBCf. miiliniittcl iiiio llip crypt; /. follidea ennUlniiiK ficnnlnal fori. Belween 
ibe (bUicles la n more dinUaetf DrmngEd Ifmphadenold tUane. >, maluriBl within the 
crrpt, comixacil In purl of lymphoid (lorpuKtle* thkt h«Te wondered through Ihc slrall- 
Hed epitbellura. 



is possible for baeteria to multiply and produce such an accumula- 
tion of poisonous products as to destroy the integrity of the epithe- 
lium and so i>ermit au invasion of the lympbndenoid tissue beneath. 
We therefore find the tonsils apeciully prone to snch inflammatory 
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iv. n h uKh hetunauBora ryp Bend a and unh A at a m t\ a e- 

Uum. dtmjoiimHlin)! nl ItBSnrftPC. 6, deep porllon of Ihe lymphadenold tiesue, In which 
proUfenUlouiiriymplKild cells tnkea place B8 well as In IhelbUMeerepr«s«iiledln Pig. 123. 

processes as toQaillids and ifiphtlieritic iuilammation (Figg, 123 and 
124). 





H^r AT «v ttttt tifar. ti«»: ^mtnAttifKr \i 

V^UM^K ^yf aiJL VUt MWt vf ^a«% v**»e#ii* «9llIIII*9Ci!9C 

IfWaiB^ %4aM(»'Jj' ♦JUViT 'i^ l:r*-f Vjjprai^r tc -dnf jacR:. sbA 
i$^Mi^^A6fif^ w'fi, 4$3»*A* «>Qi^T ill ibJ!. '^a^T simnfiaaafiBS;. i«ar 
f4*^-.^^ij^/vrt */r ^g:^Ms tji^sisiii*'. yt'iuu'^ k ^.aszmKin^ -r^ 

y/t^Jni HsmVUr ImA lihil ti«f^ iJU^U^«€cdlJ tiiiBIK' </ lilt EnET. 

'i !#>' iM'f^ii/: M'ih ^ou^f> tj^ liv«rr at a difl^pent place, and ako 
t^sifd'f^fi H U^jt-'lil^ tfAAWiH'H^ ; f/ut it* braiKrhe* are ^orrooiided br a 
v^^ry «!'*/ 1^ ^t$'4\U'r atn'mut, */[ fibr»/fi* ti-s^tte. which may be regankd 
iMt >;Mi M nUi^tiiy r^uff/ftj^\ \iffrUou tjf the interstitial tis&oe of the 

Pii^j'lioUH of iJm^ liv'T (yiit, J^'v; will r»rveal portions of these two 
Itt'S'iK, rid ill v;in'/«<>'< 'lir'/'fioii'^ with n'-fM-^-t to their axes. It will 
1m' //l/i-^rviil f|i;j| iIm' iwi^*" and larjr'T hninr-he-? of the trees are 
Mowh<'n' in /'h»*i' nlation** fo ^-^i/'h oth*r, -howing that the hepatic 
v<iii, ill nil it« ntifiilirationH, i»* M'|mnit<''l from the other vessels by 
Hm' )HM'<'iM'|iyiiia of fill' r»rj/aii. If we f^'lcr-t j^ome jxirt of a section 
wlii«'li ^'oiHaiii.i <iiM' oCiIm' >«inalli'Ht hraiir^hc*^ of tlie liepatic vein, and 
I'll! iMTonH iffi luih hii llml itK liiiiM'ti apjM'urs round, we shall notice 
fliiil III iilioiM I'ljind diHlaiH'i'H (Vorii it there are sections of two, 
I4it 
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three, or four twiga of the compoimd tree In these the gall-duct 
can be identified by it^ diatiDct hnitig of columnar of cubical epi- 
thelium, and the hepatic artery distinguished from the portal vein 
by its relatively thick wall as compared with the eize of its lumen. 
These vessels are collectl^eIy known as the interlobular veaselg. 
Between and around them is the areolar fibrous tissue, which forms 
a part of Glisson's capsule, aud which is abundautly supplied with 




Diagram matic sketch of aiectlOD of liv«r:a, centrtl vein (ndicleof tbe hepatic velii):fr, 6, 
brsDcheg of tbe portal vein : e, c, branches of the hepatic artery ; d. 4. small bile-ducti ; 
e, lymphatic Tcwel : b. c, d, « ore enclosed In orenUr tissue, wblcb Is coDtlntiouB with 
Ollsson'B ca[Bule ; /, llver-ceUs: g, line iadlcatliig the Junctloa and bleadlnglot two 
Delghborlng lobulea. 



lymphatic spaces and vessels in the fibrous tissue. The lymphatics 
appear as clear spaces with smooth walls, some of them with dis- 
tinct endothelial linings, but almost devoid of any other wall. 

The pareachyma may be subdivided into portions which surround 
the smallest branches of the hepatic vein, and are bounded by 
imaginary lines connecting the groups of interlobular vessels. 
These subdivisions are called "lobules" of the liver. In the 
htunan liver they blend at their peripheries, between the masses of 
«ODQectave tissue enclosing the interlobular vessel ; but in the liver 
-of the pig these lobules are veritalde subdivisions of the liver, and 
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human liver the epithelial cells of the pareDchyma form a plexus 
lying in the meshes of the capillaiy network of IIk interlobular 



It requires an effort of the imagiaation to conceive ofa third plexus 
within the lobule, but such a plexus exists, being formed of the 
radicles of the gall-duct. These are minute channels situated 
between contiguous epithelial cells, each of which is grooved upon 
its surface to form half of the tiny canal. The cells themselves 
have fine channel.^ running from the bile-capillaries into their cyto- 
plasm and ending there in little rounded expansions. It is difficult 
to detect these bile-capillaries in ordinary sections of the liver, 
unless they have been previously injected through the main duct; 
but with a high power their cross-sections may sometimes he clearly 
seen, appearing as little round or oval spaces at the junction of two 





Pig. 127.— Perivaaeular lyrophallo of the human Itver (IM 
wcllon; a, lymptiallc space between the capiUsry am 
Of Ibe lymphatic spaee. slightly aeparaled from (he Hi 
phattcally; I. llver-celte: d, blle-capLUarles tn eroas section 
ramifications. 

Kg. 128— Bile-c«pl!larie« between the liver-cells, with mlnulechaii 
and eommunleatlng with aecretory vacuoles wilhln the cytople 
tabblt. (PieilTer.) 



capillar) in longltudloal 
jf plthclUI cells b wall 
I and drawn a liltle em- 

Hllh their inlrarellular 



epithelial cells, midway between the nearest capillary bloodvessels. 
Throughout their whole course they appear to be separated from 
the nearest bloodvessels by a distance approximately equal to half 
the diameter of one of the epithelial cells. It is this fact that makes 
it so difficult to frame a moutnl picture of their distribution in the 
lobule (Fig. 128). 

The nerves supplying the liver ramify in extremely delicate, non- 
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mediiltateci fibrils, which ramify throughout the substance of the 
livtT and terminate in mioute twigs among its epithelial cells. 

The epithelial cells of the liver have a cubical shape, the grooved 
and other surfaces that come in contact with neighboring cells being 
flat, while the remaining surfaces may be somewhat rounded. The 
cytoplasm is granular, and, except after a considerable period of 
starvation, more or less abundantly infiltrated with irregular grau- 
ulesand masses of glyc(^n and globules of fat {Fig. 129). The 




Pnnion of hepatic lobule of (ho mbhit ; cells iDflUratad vUh glycogen, (BarftiTtli.) The 
malmnl had been fed fbTKreDly-rtnir houra on whe*t-bie>d. [o promote Ibealoiageorelr- 
cogen vllhln the llver'cellB. The eella In cloae proximity to the cenlral vein contain 
Ihe Urgeat amount of KtycoRCn, vrhlch Hppenni to flU Ihe rylnplaim. Further rrom Ihe 
central vein the cclli contain let* glycogen, which la mosl Rbnndsnt In that portion or 
(he cell turned toward the centre or Ihe lobule. Pat-globulea are moat abundant In the 
cells at the periphery of the lobule. So Dit-globules are rcpreaented In Ihli fl^re. 

glycogen dissolve.s out of the cells during the ordinary processes of 
fixation and h.TnJening preparatory to the preparation of sections, 
leaving spaces in Ihe cytoplasm, whieh cause it to have a coarsely 
reticulated appearance in cases where the glycogen was abiindnnt. 
This rcticnialion would render it impossible to distinguish the 
minute intmccllular bile-paseages. Each cell has a round vesicular 
nucleus near its centre. In rare instances two nuclei may be found 
in a single coll. 

It will, perhaps, make the structure of the liver a little more 
comprehensible if it is stated that the liver of some of the lower 
animals is a tubular gland, the tubes of which are lined with a layer 
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of epithelium. In the human liver this tubular structure is dis- 
guised by the facts that the tubules anastomose with each other^ and 
that their lumina are very minute and bounded by only two cells 
when seen in cross-section. So inconspicuous are these lumina that 
a casual glance at a section of a liver would not reveal the fact that 
it was a glandular organ. 

The interstitial tissue of the liver consists of a few sparsely 
distributed fibres continuous with those of Glisson's capsule. 

The intricate structure of the liver prepares us for the fact that 
its function is an extremely complex one. It is a secreting gland^ 
elaborating the bile and discharging it into the duodenum. But 
the bile has more than one purpose. It aids in the digestion and 
absorption of food, and it also contains excrcmentitious matters 
destined to leave the body through the alimentary tract. Even the 
secretory function of the liver, therefore, serves a double purpose : 
the supply of substances useful to the organism and the elimina- 
tion of products that would be detrimental if retained. 

But the function of the liver is not confined to the elaboration 
of the bile. It also acts as a reservoir for the storage of nourish- 
ment, which can be drawn upon as needed by the organism. This 
is the meaning of the glycogen and fat which have infiltrated the 
cells. 

The food-materials that are absorbed from the digestive tract pass 
into the system through two channels : the lymphatic and the portal 
circulations. The latter carries them to the liver, where some of 
the fat, probably after desaponification, is taken up by the epithelial 
cells, which also appropriate a portion of the sugar in the portal 
blood, transforming it into glycogen and holding it in that form 
until a relative deficiency of glucose in the blood reveals its need 
by the system. 

The blood comes into such close relations with the epithelial cells 
of the liver that an interchange of soluble substances between them 
appears to be about as easy a matter as the interchange of gases 
between the blood and the air in the lungs ; and, as in the latter 
case, this interchange is mutual : some matter passing from the 
blood to the liver-cells and some from the cells to the blood. In 
the lung there is a gaseous regeneration of the blood ; in the liver, 
a renovation as to certain of its soluble constituents. 

The Gall-bladder. — The bile is secreted continuously by the liver, 
for it is an excrement; but it is discharged intermittently into the 
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alimentary tract, as required by the digestive processes. In the 
interval it is stored in the gall-bladder. 

The gall-bladder is lined with columnar epithelium, capable of 
secreting mucus. Beneath this is a layer of fibrous tissue, which 
becomes areolar and supports the chief bloodvessels and lymphatics. 
Beneath this is the wall of the organ, composed of interlacing 
bands of fibrous and smooth muscular tissues. The surface is 
invested by a portion of the peritoneum. The excretory bile-duct 
has a similar structure. 



CHAPTER XII. 



THE URINARY ORGANS. 



The urine is secreted by the kidney, whence it passes succes- 
sively through the renal pelvis, ureter, bladder, and urethra into 
the outer world. 

1. The kidney is made up of homologous parts or lobes, which 
are readily distinguished in early life by the superficial furrows 
marking their lines of junction. In later years these depressions 
on the surface of the kidney disappear. Each of the lobes corre- 
sponds to one of the papillae of the kidney and the pelvic calix that 
embraces it. In some of the lower animals — c. ^., the rabbit — the 
kidney has but one papilla, so that the whole renal pelvis in those 
animals corresponds to a single calix in man. 

The kidney is a compound tubular gland of peculiar construc- 
tion, the tubules taking origin from little spherical bodies, called 
Malpighian bodies, instead of from simple blind extremities, and, 
after running a definite and somewhat complicated course, uniting 
successively with several others to form the excretory ducts, called 
the " collecting tubules,^^ which open into the calices near the tips 
of the papillae. 

If a section of the organ be made through its convexity down to 
the pelvis, the papillse will be seen projecting into the calices of the 
pelvis, and it will be noticed thai each papilla forms the apex of a 
pyramidal portion of tissue having a different tint and texture from 
the rest of the kidney. These pyramids form the " medulla " of 
the oi^n (Fig. 130). 

The bloodvessels supplying nearly all its substance enter the 
kidney near the bases of the pyramids, having approached the 
organ through the fat that lies around the calices. Within the 
kidney they break up into branches that run along the base of each 
pyramid in that portion of the organ which is called the "boundary 
zone/' Between that zone and the convex surface of the kidney 
the tissue is known as the "cortex.'^ 

The arrangement of the renal tubules, which make up the chief 
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bulk of the kidney, can be most easily understood if they are 
traced back from their openings at the apex of the pyramid to their 




lules wllhlatbe pyramid, mud on Ibe other hand with 
the callces &ud renal pclvla. Thia irantltloiiHl epl- 
Ihetliini l« Indicated Bl i. II reals upan the Hbraut tiuueotthccatlcctind pelvl>,«h<eh 
lieccimeB coatinuaus with the fibroua capsule of the kidney ■! the Juuetlao of the ealicea 
with that organ, Oulalde or thli eapcule li the perinephric fat. indicated In the flgura 
between Ihe caLLces. The veaiel* approach the kidney tbroiinb tbla fat, snterlng lt> lub- 
Btance near the boBes of the pyramids and farming the vascular arcadeilc, arterial arcade). 
From these arcadm the Inlerlobular vcucla proceed, between the mvdtilUry rays and In 
the labyrinth, toward the convex lurbce of the kidney, d. tntcrlobobir artery, irlTing 
nff branches, the afftoreut veuetg, to Ihe Malpighian bodies. The Bilxailoas of tbe cor- 
tical lubgtance between tbe pyramids, e. are known at tbe colnmut of Bcrltnl. Ihirltig 
infiincy the lobe* of the kidney are marked byaulci upon the surftcooflhe organ. With 
(he growth of the ar^mn these lobes blend with each other, and the sulci belwcen them 
become Indlslinct or ire u holly obliterated. The columns of Bertlnl are made up of the 
blended lateral portions of the corlei of two contiguous lobes. 

origins in the Malpighian bodies. The different portions of the 
tubules present somewhat different characters, and have received 
special names. 
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The collecting tubes, which open into the calix at the apex of the 
pyramid, are straight, and lie nearly parallel to each other and to 
the axis of the pyramid, and, therefore, nearly perpendicular to the 
base of the pyramid. As they are followed from the apex, in a 
direction the reverse of that taken by the urine in flowing through 
them, they branch dichotomously, and the branches become pro- 
gressively smaller. At the base of the pyramid these straight 
tubules are collected into bundles that radiate toward the convex 
surface of the kidney, and are called the " medullary rays." In 
these, and in the part of the pyramid that is near the boundary- 
zone, the collecting tubes are associated with other straight portions 
of the tubules, "Henle's tubes," which will be described pres- 
ently. From the medullary rays the tubules pass into the region 
between those rays in the cortical portion of the kidney. This 
region of the cortex is known as the " labyrinth." Here the tub- 
ules lose their straight character and become much contorted, form- 
ing the " second convoluted tubules." They then . re-enter the 
medullary rays, which they descend for a variable distance into the 
pyramid, constituting the "ascending branches of Henle's tubes," 
which make a sharp turn, " Henle's loop," and then retrace their 
course up the medullary rays into the cortical portion of the kidney, 
"descending branches of Henle's tube." They then pass again 
into the labyrinth and form the "first convoluted tubules," which 
finally merge into the structure of the Malpighian bodies, also 
situated in the labyrinth. In consequence of the passage of tubules 
from them into the surrounding labyrinth the medullary rays become 
smaller as they are followed from the base of the pyramid, and 
eventually disappear before the capsule of the kidney is reached. 
They are completely surrounded by the labyrinth. 

If we now follow the course of the urine in its way from the 
Malpighian body to the outlet of the tubule, we shall find that it 
passes through the following divisions of the tubule : 1, the " first 
convoluted tubule;" 2, the "descending branch of Henle's tube;" 
3, "Henle's loop;" 4, the "ascending branch of Henle's tube;" 
5, the "second convoluted tubule;" 6, the "collecting tube." Of 
these, the two convoluted tubules are situated in the labyrinth ; all 
the rest in the medullary rays and pyramid. All of the portions, 
with the exception of the convoluted tubules and the loop, are 
straight and lie parallel to each other (Fig. 131). 

Before entering more particularly into the structure of the renal 
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Dlagnm showing Ihe conne ot the renal tabules wftbln tbe kldn«]r. (Klein.) A, mrtei : a, 
lubcapaular portion dciitltuleo(M«lplgblaabodJei: a", toner portion, «Uo devoid of M«l- 
plgblan bodlfg. B, boundary. C, portion of (he medulla at the base of tbe pyramid. 
mHti's capsule BUrroundlng the glomerulus ; 2, neck of the capsule and beglnolDg 
urlnifurouB tubuli:; 3, lint convuluted tubule; 4, spiral portion of the flnt con- 
d tubule In the mulullary ray: b. desccndinic limb of Hi-tite's tube: 6, Menle's 
I, H,9,ascuudiii|(llmbof Uenle'ri tube: 10, Irregular traasltion lu the Kcond con- 
voluted tubule; 11, acrond convoluted tubule: 12. transition from second convoluted 
lu the collecllDK tubule : 13, U, colleelluK tubule, Joined below by others to Curm 
crutory duel, which opens at the apex of Ihv pyramid. 

tubillo, it will he liost to (wnpletc tliiK general sketch by con^ideriDg 
the course of the blood vecst- Is, 

Ah has already been siiid, the vessela enter the kidney between 
the calices and pyraniidy and are distributed in branches that lie 
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parallel to the bases of the latter, and, therefore, to the convex 
surface of the oi^ii, and are situated in the boundary-zone. The 
T, _ .n„ arterial branches in this locatioQ form the 

"arterial arcade," From this arcade per- 
pendicular branches, the " interlobular arte- 
nes," pass toward the capsule, taking a 
straight cour^ through the labynnth be- 
tween the medullary rajs In this course 
thtv gne off branches, the "afferent ves- 
sels" which go to the Malpighian bodies. 






Pro. ISS.—JHigram showing Ihc courec of the bloodvesscla wilhin the kidney. (Luilwlg,) n. 
Inlerlobulor artery ; 6, Interlobular vein; c, Malplghian body, with Ihc afferenl vemel 
eDteiing it from the interlobular artery, and the efltrent vessel leaving 11 to laLe part In 
tbe formation of the capillary pleiua between the renal lubules; d, vena aleilaW: <, 
•rteriff rcctn;; /, venie recite; g, capillary pleius around the moulbi of the cicrelory 



FlO. IB*.— Injected glome 
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The main artery becomes smaller in giving off these branches, and 
finally ends in terminal afferent vessels (Fif;^. 132). 



\oS 



yOBMAL BtSTiiLOGT. 



Within tb>- Malpigfaian body the Cereal ve»el dindes abrvptlf 
into a duihImt of capillair loops, vhkli are campactetl togetttpr to 
fbnn a glob«ibr inai*>, called the " gkmiendiis " (Fig. 133). These 
Inopn rejfND to form, the " ellerent " veasel, wliidi b somewhat 
ainaller tbao the afftreni v*w*l, and leaves the Malpi^iiaa body 
•t a point clone to that at which the afferent Teasel enters it. 
Fta.131. 




Iilkflvli of « MnlpiEhJan tiody from kiihuy ■■> n rj.1,1,11 : o. inlerlobular artery; 6. •fferenl 
Vouol ; r, »|ill]itr]r upriugmg (miu Birvri'Ui Mswel: (f. Dow man's capaule, with epLlhelial 
llolni rallwtvd upon the mrfacv i>f the glomerulus ; e. cavity at Ihe capaula inlo vrlilch 
tha watarr oonstlluenla oT Ihe urine are flni dltchargci) ; /, beginning of a uriniroroiu 
tabnla; 0, ooDTalul«I labnles of the labyrlatb. Belweeri these tubulcn and the capaule 
•re rapUUrr Mimdreseeli derived from the elTerent vessel Iwhlch Is not shonn. but 
•Tneries Itnta the ea|«ule near Ihe alTcrent ventel, on a d1in?r«iil level from that ropre- 
•enled). These ami I'lher strnelures are held In place b; an areolar lissne, contalaliig 
lymphatic aittcna. winie of whii-h are represented. 

Boon ftftpr IcnvinR the Malpigliian b<»dy the efferent vessel breaks 
up into n «?ciiml set of oapillBries, which lie among the convoluted 
tubiiteH of the labyrinth and also penetrate into the mwliillary rays, 
to be diHtribtitcfl between the tubnles com]xising them. This capil- 
lary network extends also inl« the pyramid, in which llie capilla- 
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ries run, for the most part, parallel to the renal tubules, with com- 
paratively few trausverse anastomosiDg branches. Fur this reason 
they have been called the "vasa recta." They also receive blood 
from little twigs given off from the arterial _ arcade. 

The blood from the Jutertubular capillaries is collected in veins, 
which run a course parallel to that of the arteries and lie in close 
proximity to them. They have received names similar to those of 
the corresponding arteries: "interlobular veins," "vense rect«," 
and " venous arcade." Relatively lai^ veins also leave the kidney 
from beneath the capsule on the convex surface of the organ. They 
are called the " stellate veins." 

The Malpighian body is enclosed by a thin fibrous capsule 
(Bowman's capsule), which is perforated at two opposite points to 
permit the passage on the one hand of the affcront and efferent 
vet^els, and on the other hand to allow of a communication between 
\t& cavity and the beginning of the uriniferous tubule. When dis- 
tended with blood the glomerulus nearly fills this capsule, but when 
collapsed it is retracted toward the attachment formed by the ves- 
sels that pierce the capsule. It is covered by a single layer of epi- 





Crau->ecUoiu of convoluted tubulea lined with cellH In dlfTcrent tUiet of activlt;. 

Fig. 135,— From « erlinln»l directly »tlcr execution. Cclli In ■ state of rest. The cells are 
low aod granular, and preaeni a atrlallon or (heir Tree ends resembling cilia. 

Fig, ise.— From a caL The cells arc enlarged, becauie charsed with material to be excreted. 
and the itriated border l> nearly oblllerHted. Similar appearances have been obs.rred 
In the human kidney In one or the lower cells In this llgure a bint striation uf the 
attached end Is Just discernible. Tills increases in distinctness as the I'ell becomes sur- 
charged with excretory material, when the more central portion of the cytoplasm 

thelial cells, which is reflected at that attachment and forms a lining 
for the inner surface of the capsule to the point where its cavity 
opens into the lumen of the renal tubule. Here the epithelial lining 
becomes continuous with that of the tubule (Fig, 134), 

The different portions of the uriniferous tubule differ in their 
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7:.' ^v. '.'.-=-.. a. , !:. .-.-ir 'Xr .vT-' •'-• tr>- •'i^r^ c :if* phbI mbale 
>* <^yi •/. :e** .>,r. ^i •.'/-., r. r.,' •^:>^ <l* '*i.T»^^-ra':-07m!:»faiie' inter- 
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K'/f th'- -♦ ^iy f,*' •\,o \r,:,::('Tfju^ t';Kri!e«i sri-ti^a* made 
v"f#/- ♦// tK" ^-//.f-^ /if fh*: -rrilifht TTi^Ti!— will he f**uD«l very 
f'jL [fi ^\t'ff,TUx ti.'- rri'-^lfjllar\- ray*. Mi:h th»>ir »l-e-H.'\Dding and 
;f'/''fi'llfi'/ hr;if.'^<- /,f If/fjl*'- rijU- rin«l Th»ir i »ll»>"rinir tubole?, 
vwll ;if»j/;jr - rr^f ri'!"l fr. f|.*- l;il.\ rr.!!i. r;i:i<l.- iij« "f the con- 
v'/hiti/J tu^'i!'-, \I;iijH;:hi:Mi l»',-li«-. .Hi'! Inrj^r vr-i*-!-. the latter in 
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lit I '/If 'nlhti'itr/ tiih<- ;ifi/| #,r fli<- va-a r»«Tii will Ik- -♦^•n : aii<l near 
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wTiioii, v.ill a|i|Har. Anioii^^ all tlir-4- -«Ttion> of the tui)ules the 
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interstitial tisaue with its capillaries and lymphatics will complete 
the picture (Figs. 137 and 138). 




Sections tram ■ rabbit'* klilnL-y, niailu pt^rpendlculai 
Fig. 137.— TbroDgh a portion uf thu pj-rainld : a. lo' 

(excretory durtB) ; h, I[cnlc'» loop In tancenlial 

Irmphallc : t. dcBCendlni limb of Honlu'e tub? . 
Pig. 1S8.— Through part or» medullary ray and Ibe adjoining labyrinth 

tubulea In the labyHnlh ; b, sjilral lubult : r, desoemllng limb of Hei 

Ing limb of Henle's tube : (. irrcKular tubule ; /. collecting tubuk 



to the course or Iho straight tubulea. 
fcr portions of the collocHng tubulea 
section; r. cB[plllary bloodvessels; d. 



The nerves of the kidney are fmiall and apparently not abundant. 
Their larger branches follow the courses of tho arteries. 




j»»ntt -Iwiir > t M> a -timn«n tw •vaL- if lie '! 
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:r. fc. «=*-«i.^:;i: »«:: crib* 

--I'.'-ir-t in the liniK. Al Ihe led 
:K>-/^1^-<1 asay (rvni tEc npllIaiT 



iiIhIiI'. h< tUi iuni (i»i.i.l M' I. ,nU.- •-t.'l<.il..]iiirii in tl»> (rlomeniliis, 

timil/U nmi|iliirl'^ii«iillv il U ^^iriiiljir r<> lli:it tliroiiKliout tlio hinly. 
h It m«(li' (tUtlnilili' Hull tl><'i-)iilli<-liiiiti i-Dwriii}; the gUtmenilus lias 



THE URINARY ORGANS. 



163 



something to do with the prevention of a loss of albumin (Fig. 139). 
In disease of the kidney, alterations in the glomerulus and, per- 
haps, in other parts of the kidney permit albumin to pass into the 
8e<^retion. 

The epithelium lining the uriniferous tubules discharges its 
secretion into the lumen of the tubules, whence it is carried by 
the stream flowing from the Malpighian bodies. The epithelial 
cells lining the convoluted tubules and the ascending branches of 
Henle's tubes appear to be those most active in carrying on the 
elimi native function of the kidney. 

2. The pelvis of the kidney and its calices are lined with trans- 
itional epithelium. It consists of only three or four layers of 
epithelial cells of different shapes. The most superficial layer is 
composed of rather large flattened cells, having ridges upon their 
lower surfaces, which fill the spaces between the tops of the next 
layer. This is made up of pear-shaped or caudate cells, the hemi- 
spherical tops of which fit into the cavities between the ridges on 
the layer above, while their slender processes penetrate between 

Fig. 140. 




Epithelial cells tTOia the pelvis of a human kidney. (Kieder.) 



the oval or round cells that make up the deepest layers of the 
epithelial covering (Fig. 140). 

Beneath the epithelium is a coat of fibrous tissue, denser near the 
epithelium and more areolar in its deeper portions. Here it is 
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^//, ^^r»/5tOi /-hi/h i* ji Inyf-r f,( fibrr>»L- ti-.*iie iv-c-mbling that of 
^>#' f'fr;»l f^l i', K'lt ^f j/f'-^vr thK-kiK-*. The mn^calar coat, 
vfUt^h t^fihi'f r«' zt, i- fhl^'k Hu*\ oornfjr^-fr^l of bundles uf smooth 
fftn-f^ *i\>it i)\fr*^, \ttU'Thtf'\u\i in varion- rlin-f'tioiis «>r disposed in 
tnoft i,f j/.'.- '/' II '1/ fifi''! -tnit;i. P^xUrrnal to tho niur^ular coat 
'u ii f)l/f//fi.- //,,»^ aIikJi i^ to',irf*\ liv a n-flwtion of the |»eritoiieuin 
for ^f ffttti ni iU' I )jt/ nf, ;umI in otl^r -itiiation^ j^a.-.-^s into the sur- 

TIm- j^i^^iir .-lijij^i*! *'<II.- of tli<- transitional <j)itheliuni of the blad- 
ihr Imivi' «1m/'1<« r \niH'i'-'-'t'^ than tlir»-<- of tlif |M-lvis or ureter; but 
wIm'M lU'Uii'in'tl itut\ imufVuUd in the nrinc it is often verv difficult 
to di'lf'rni'MM' fiotn lliiir a(i|»<aranr«' from what part of the urinary 
IriM'l «iM'li i'I'IIn witp diTiviil (Ki^rs. 1 12 and 14iJj. 
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5. The nretbra diSers in structure in the two sexea. In the 
male the prostatic portion is lined with epithelium rcsenibling that 




EpltheMal cells rrom tl 

Tig. 142.— From the urinary suillmenl rrom a 

■wollen after maceration In the allpred urli 

Fig. MS.— BemoTed from the Inlvmal stir face o 



of the bladder. Further forward, it gradually passes into cylin- 
drical epithelium, at first more than one layer thick; but in the 
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cavernous portion of the urethra it consists of but a single layer. 
The stratified epithelium covering the glans extends for a short 
distance from the meatus into the urethra (Fig. 144). The epithe- 



FiG. 144. 




Epithelium from the human male urethra. (Rieder.) 

lial lining rests upon fibrous tissue containing a number of elastic 
fibres, and this is bounded externally by a muscular coat. In the 
prostatic portion the muscular coat consists of an inner longitudinal 
and an outer circular layer of fibres, which become less well marked 
as the course of the urethra is followed, the circular coat disappear- 
ing in the bulbous portion and the longitudinal fibres becoming 
scattered toward the anterior part of the cavernous portion. The 
mucous membrane contains little tubular glands, " Littr^'s glands," 
80me of which are simple, while others are compounded. In the 
ooll&pfled condition the urethral mucous membrane is thrown into 
one or more longitudinal folds. 

In the female the epithelial lining of the urethra is cither strati- 
Mi or oompoeed of a single layer of columnar cells. The glands 
iparaely distributed than in the male, except for a group 
net? the meatus. On the other hand, the muscular coat 
M 4hMMr ud conmsts throughout the course of tlio urethra of a 
istemal longitudinal and external circular layer of 



\. 



t^M^'illfMirf ttie kidney to the stratified epithelium of the 
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meatus the mucous membranes are capable of secreting mucus, which 
is much increased in amount under the influence of irritating sub- 
stances, such as concentrated urine or the various causes of inflam- 
mation. The bloodvessels are most numerous and of largest size 
in the areolar tissue beneath the epithelium, and are accompanied 
by the lymphatics. The nerves are distributed chiefly to the mus- 
cular coats, but also extend into the fibrous tissue, up to and into 
the epithelium. The cells of the latter are connected by little 
protoplasmic bridges, as in the case of the epidermis, leaving minute 
channels between the cells for the passage of nutrient fluids. 



CHAPTER XIII. 

THE RESPIRATORY ORGANS. 

The respiratory tract consists of the larynx, trachea, bronchi, 
and lungs. 

1. The Larsmz. — The interior of the larynx is lined with ciliated 
columnar epithelium, which extends over the false vocal cords and 
about half-way up the epiglottis above, and is continuous below 
with a similar lining throughout the trachea and bronchi. This 
lining is interrupted over the true vocal cords by a covering of 
stratified epithelium, and at its upper limits passes into the stratified 
epithelium lining the buccal cavity and pharynx and covering the 
tongue. Opening upon this epithelial surface, except upon the true 
vocal cords and in the smallest bronchi, are mucous glands, var}'ing 
in number in different situations. Some of the columnar cells upon 
the surface are also mucigenous, discharging their secretion upon 
the free surface of the mucous membrane. 

The thyroid, cricoid, and most of the arytenoid cartilages are 
composed of the hyaline variety of that tissue : the epiglottis, 
cornicula laryngis, and the apices of the arytenoids, of elastic car- 
tilage. 

Beneath the epithelium lining the laryngeal ventricle is a con- 
siderable layer of lymphadenoid tissue. In other situations the 
epithelium rests upon fibrous tissue. 

2. The Trachea. — The tracheal wall may be divided into four 
coats : a, the mucous membrane ; 6, the submucous coat ; c, the 
cartilage ; d, the fibrous coat (Fig. 145). 

a. The mucous membrane is covered with ciliated columnar epi- 
thelium resting upon a nearly homogeneous basement-mcmbnine, 
beneath which is a layer of fibrous tissue. This may be divided 
into two portions : an outer one, next to the basement-membrane, 
which is areolar in character, with a large admixture of elastic 
fibres and lymphadenoid tissue, and an abundant supply of blood- 
vessels ; and an inner one, less highly vascularized, and composed 
chiefly of elastic fibres running a longitudinal course. 
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The smaller bronohi differ in 8triietiire from the trachea in 
possessing a ntiiHcularis muoosK, with its tibrci4 disposed in a 
circular direction, and having i^Tegiilar cartilaginous plates in their 
walls, instead of C-shapwl, inii>erfect rings. The four coats may 
be enumerate<l as follows : 

n. Mucous merahrune, covered with ciliated columnar epithelium 
resting upon a basemen t-mcmhranc, beneath which is a tibrous 
tissue containing numerous elastic fibres lying parallel to the axis 
of the bronchus. Under this are the circular fibres of the nius- 
cularis mucosip. 

li. Submucou.-i coat, 
bronchi. 

r. Cartilaginous coat, containing the plates of cartilage that sup- 
port the walls. 

d. Fibrous coat of areolar tissue, containing a little adipose tiasue 
and passing into the areolar tissue of neighboring structures. 

A» the brouchi subdivide and become smaller the coats get 
thinner, and first the cartilaginous and then the muscular coat dia- 
3 which are without cartilage, but have 



similar to that of the trachea and larger 
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ilcilo fti'in the lunK of » pie. (schuJlie.) a. ■tmIm' 
h; MubeplltielliiliirToUrUuae.conUInlniiiiniDerDDl 
it«I here iD pm«iKectlon : it. clirnlcd cpltbellum. Ibmi- 
e iDucoua mifmbrane ; /. w«lM at the nt-lEhhoHiiK pul- 



n musoukris mueosie, are called " bronehiolei " (Fig. 140). The 
still smaller brnnche!', which have lost their nniscnlar tissue, are 
known as the "alveolar passages." In the latter the columnar 
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epithelium liniagthe bronchi give? place to a pavement-epitheliiUD, 
composed of small flattened cells disposed in a single layer. The 
elastic tissue of the mucous membrane is continued through all the 
divisions of the air-passages, and becomes a coustituent part of the 
alveolar walls of the lung itself. 

The alveolar passages open into spaces, called the " infundihula," 
in the sides of which are the ojienings into the alveoli of the 
lung, the ultimate destination of the inspired air. Here and there 

¥io. W. 
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stray alveoli open directly into the iilvoolnr passages (Figs, 147, 
148, and 149). 

4. The piilmotiai7 alveoli and the smaller air-iwissnges are so 
arranged that there are no vacant wpaces ; and neighborinR alveoli, 
whether they belong to a gnmp nf infMndibula sprinf:ing fnim 
the same alveolar passages ur to sipiirjite groups, are so closK'ly 
ratuated that they have but one (■(ininmn wall dividing their cavities 
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ri'iiin mcli olli(>i'. Notwithi^tuiiding tliis goueral compactness of 
nrniiigtiiiK.'iit, the lungs are divided by delicate septii of fibrous 
Umhiiu into more or less well-defined lobules, correspond ing to the 
HiimileKt bniiH'hi or the bronchioles. 

'I'liu ftlveolnr mills are made up of a delicate, loose areolar tissue, 

(»iiitujiiin}{ miiiierous elastic fibres and siipiKirting the abundant 

on|iillftry plexus in which the blood auficrs the gaseous exchanges 

with tlie air that constitute the function of respirutiim (Fig. 160). 

Fj<i. MS. 




■•MIon nf lunliiTllin iIdn : 'i, Blvu(>litr iKUWKe I'jivnlnK Into Mn Innindlhnlur 
■ ••jllUrr ■Ivuulua; 6, cruHnvvtlno of an Inftinillhulum, Th« iloltoil !!□ 
Ilmlu of Ilia liiruiicllbulBr ■poT'c. opening Into It are n number of a] 
dolMd Hub tvniovwl, thv liiflindlliuUT oroH-ioPtiiin and the alveoli around It 
a (tulUle iiiadii In Ihu lUiMlim, r, Jiinelinn of two radldpn of the [iiilmoniLry vi 
thii lop lit Ilia icKitliin, tu ihu liglil. la an oblique tectlon of a ~ 

Covering the two mirfawfl of the alveolar wall is a layer of very 
(hill eetUilur plaU-H (pdvement-epithelium, see Fig. 30), among 
which arc ncHtlon'd n few cells resembling those lining the alveolar 
im«Hages. This cellular investment is continuous with the lining 
of tlie infumlibiiliim, whidi is of similar character, and thence with 
the c])ithe]ium covering the inner surfaw of the alveolar passage. 
It is to be rogiinli'd as a speciiil modification of epithelium, fitting 
U for usefulness in this situation. 
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The lung receives blood from two sources: 1, venous blood, 
through the pulmonary artery, which is oxygenated in the walls of 
the alveoli ; 2, arterial blood, through the bronchial arteries. This 
arterial bloo<l serves for the nourishment of the tissues of the lung 
and is distributed to the bronchi, interlobular connective tissue, 
lymph-glands, and walls of the vessels. Part of this blood returns 
through the pulmonary veins; the rest through the bronchial veins. 




nKof IhedoE: i 
tadlnal >>ei^<on ofan \t\(\ 
(the wall at the laiter ii 



The lymphatics arise in the walls of the alveoli anil bronchi and 
paso to the bronchial lymph -glands. 

The nerves supplying the liiiifr may be traccl alonp the bronchi, 
where they occasionally connect with groups of fjanglion-cells, and 
along the vessels. They are of both the mediillated and the non- 
medullated \-arietie>^. 

The surface of the lung is covered with serous membrane, a por- 
tion of the pleura. 

Little need be said about the ftinctinnal activity of the Innfr. 
The cilia, belonging to the columnar epithelium Hmng nearly the 
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wliole of the air-passages, possess a motiuu that urges particles 
lodging in the mocus covering them toward the larynx, whence 
tlicy are either coughed out or are swallowed- Such solid particles 
as pass beyond the regions guarded Ijy ciliated epithelium are taken 
up by leucocytes, which i'requently migrate into the alveoli and the 
air-passages, and are conveyed by them into the lymphatic vessels 
or glands. Because of this the lymphatics and bronchial lymphatic 
nodes are apt to be blackened by the deposition of carbon, except 
in young individuals. The flow of air into the lung is the result of 
atmospheric pressure, which tends to fill the thoracic cavity when the 




SbcIIoh of Ihe luni of a .log, killed by el 

of de«th. and Ihe cui-illariw reWlo their blooii In Ihc section, a. nlveoliia In croMflee- 
llon.communlwillnBWlth thelnfundlbnlum, ft. A portion of the w«ll of the ■Ivonln* Ij 
•een, In >urflH*-Tfew, at c d, t, other alveoli openlnn Into the nmn Infbndlbulum : /, 
cmiMecllon of an Inf^iudlhulum with alTColl opeulnit Ipitu 11: s. lurftM-Mpeel of an 
atieolar wall, ahowltie eaplllari pleiiiB flUed with red Wood-corpiiBcles. 

cheat is expandeil through the action of the muscles of respiration. 
The air is expelled from the lungs when those muscles relax, partly 
because of the pressure exerteil by the thoracic wnlN, hut chiefly 
because of the contraction of the elastic fibres in the alveolar wails. 
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Because of their presence the lungs retract when the chest is 
opened. 

When sections of the lung are examined under the microscope 
it is difficult, at first, to identify the different portions, which are 
cut in all directions. The smaller bronchi may be recognized 
by the presence of cartilage in their walls. The bronchioles pos- 
sess no cartilage, but are surrounded by a band of smooth mus- 
cular tissue, the muscularis mucosae. This becomes thinner, then 
incomplete, and finally disappears as the infundibula are reached. 
The infundibulum, it will be remembered, is the space into which 
the alveoli open. When seen in section it will appear as a round, 
oval, or elongated space, according to the direction in which it 
has been cut, bounded by scallops, each of which is the cavity of 
an alveolus. In every section there will be many alveoli which 
have been so cut that their openings into the infundibulum will not 
be included in the section. These alveoli have a continuous wall 
surrounding their cavities. Still other alveoli will have been cut 
in such a way that a portion of their walls will lie in the plane of 
the section and parallel to it, so that the flat surface of the alveolar 
wall will be visible, surrounded by an oblique or cross-section, where 
the wall meets the surface of the section. Those alveolar walls which 
have been cut perpendicular to their surfaces will appear thinner 
than those which have been cut obliquely. With these considera- 
tions in his mind, the student can have little difficultv in identifv- 
ing the different portions of the section (see Figs. 147-150). 



CHAPTER XIV. 
THE SPLEEN. 

Nearly the whole surface of the spleen is invested with a cov- 
ering of peritoneum similar to that which partially covers the 
liver. Beneath this is the true capsule of the spleen, which com- 
pletely surrounds it. This capsule is composed of dense fibrous 
tissue, containing a laige number of elastic fibres and a few of 
smooth muscular tissue. From its inner surfsice bands of the same 
tissue, called the '^ trabecule,'' penetrate into the substance of the 
oi^n, where they branch, and the branches join each other to form 
a coarse meshwork occupied by the parenchyma of the organ, the 
*' pulp." 

The bloodvessels of the spleen enter at the hilum and pass into 
the large trabeculse, which start from the capsule at that point 
and enclose the vessels until they divide into small branches. The 
vessels then leave the trabeculse and penetrate the pulp, where they 
break up into capillaries, which do not anastomose with each other. 
There is some doubt as to the way in which these capillaries end. 
According to one view, they unite to form the venous radicles, so 
that the blood is confined within vessels throughout its course in the 
spleen. Another view, which is more probably correct, is that the 
walls of the capillaries become incomplete, clefts appearing between 
their endothelial cells, which finally change their form and become 
similar to those of the reticulum of the pulp. The veins, accord- 
ing to this view, arise in a manner similar to the endings of the 
arteries. The result of this structure would be that the blood is 
(liscliarged, from the capillary terminations of the arteries, directly 
into the meshes of the pulp, after which it is taken up by the 
capillary origins of the veins (Figs. 151 and 152). 

The pulp consists of a fine reticulum of delicate fibres and cells, 
with branching and coram unicjiting process(»s, in the meshes of 
wlii(*h then* are red blood-corpuscles, hnicocytes in greater number 
than normally [>resent in the blood, and free ama?boid cells consid- 
erably larger than leucocytes, called the " splenic cells." 
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The adventitia of tlie arteries coulainsc-onsiderabli! lymphadenoid 

tisane, which after the exit of the vessels from the trabecule is 

Fig. 151. 







expaiidctl Rt intervuls to form Hpherieal bmlies, about 1 mm. in diam- 
L «ter, called the "Malpighian bodies" or "corpuscles." These are 




I like little lymph-follicles, throiiph which the after)- takes its course. 
VThe reticulum in tliese Malpighian corpuscles is scaoty and iiicoD- 
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nftitrtMAb near their ttntns. so dni tbe lT^pck>:«i «tIU ii oviia' 
aj^Mar dwistlr cp>t'M ; bat u>«anl ibeir ptrnpomts U»e (vtacultni. 
i- lu'rH: pfrxKiaDCMl and It*? tells a irifle in-.^tv ^«Mia:<e>J_ a. »»_ 
-«rf2K* 'W the \LiliWzr.iaii bwlj ii^ ivti«iiam Iw:<iks ««tiDDous 
villi that «f the pulp ^^rT»':]D(Uiig h * Fi^. 1-^;, 




'txiuUi-r-IIi-i'^ . tmvttv^ i.T i.it.^ri.1 [»!p. la Ibv fulli.-lv- i.. ,(,>. |^n. ,.„ „, „^ 
<u«!rt>l nrh! !■ ►w^n In 1 nufJi-Jdloal wt-iiia; In ttwl )o lb.' rislu. ji api^n in itws- 
■«rti',u (.. ilii; litchl'if th-.->VDin<'rthi;rtllii-le. cf.aifrrial bniu-hn; r. t|>lrDic pulp. 
ItHT Hirtl'iii in Uk«i Tr<im an li^Mivd tplwn. 

Tli'i nJalions ItetHccri the spleen and the blixxl flowing thmufh 
it ajtjji-ar to U- vcrj- similar to tliiee between the lymftliatie glumU 
ami tlur lymph ]ia.-«King thmiigh them. It ^eerns to act as a spei'ies 
of liJter, in whi^h foR-ifjn particle:- or d-iniagoti rtnl blootl-eorpHsclea 
an; iirnrnt<'<l ami rJestroyed, In many iiifeetion^i tlis^-arics the splenic 
pulp irt inirrcii^^sl in amount and highly cliai^l with granules of 
pigrrM'iit tliat apixnir to \n: derived fnmi the coloring-matter of the 
hlooil. This iw notably the c.isc in malaria, in whieh the re<l cor- 
piiKi-le^ an- deMiroyed hy the pla^imodium oeeasioning the disetk^e. 
Wlieii iKielerift (piiii ai'iort to the blood they are apt to be espeeially 
nbiinditnt in the hplenic pidp, and it is s:iid that nionkc7!i, which 
are normally iminime agJiinst n'la[>!iing fever, may acquire the din- 
coM- if the HplrHtn \h: nincived iK'iore inociilution with the ijpirillum 
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which is the cause of that disease. These observations all tend to 
confirm the view that the function of the spleen is to assist in main- 
taining the functional integrity of the blood. The lymphadenoid 
tissue within the spleen also enriches the blood with an additional 
number of leucocytes. 
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panthjrrojils, the aclRnal bodies, the pittiituy baxhr, tbe tknos 
and the raroiid aad coccrgval bodies. 

1. Tbe ThTTod aUaid (Fig. 154). — This consists «f a anmbm 
of alveoli or closed vesicles, lined with cubical epithelial cells a^ 
ranged in a »ngle layer upon tlie delicate, ^-ascularifMl airoUr tisSK 
which forms iheir walls and separates the neighboriitg alveoli fraoi 
each other. This fibrous tissue i? niDrc abundant in places, where 
it serves to divide the gland into a itiiniber of imperfectly defiiMHl 
lobes. At the periphery of tlie organ its connective tissue becooMS 
continuous with a thin but moderately dense fibrous capsule. 

The inrlividual alveoli differ both in respect to their size and tb«r 
contents. Many are more or less completely filled with a nearly 
homogeneou?, glairy substance, of a slight yellomsh tint, called 
"colloid," while others appear to be occupied by a serous Buiil. 



Fig, l.W. 




Bet^tioDB nf thyroid gland. iSchmid.) 
FIs. IS^— From a doic : n, colloM oriocretlnecelUi: b. nsorve cells (IhescrtlBbr only lii 

Blatea at vMvltf) ; c, culls codUiIdIuk 1<sb colloid tlian a. 
FlR, !»>.— From a cat : a, daughlcr-ccIlB ariilug ftcim thu division ol an cpllhullnl « 

The elaboration of this colloid material seems to be the function 
of the organ, though it may have other less obvious duties. 

The cells lining the alveoli may l>e divided into two classes, 
which differ in apjiearance (Fig. Ifio): first, those engaged in the 
production of colloid, secreting cells; and, second, tliose in which 
no colloid is present, and which are regarded as reserve cells. 
The latter are capable of multiplication, thereby replacing such of 
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^H the woreting cells ae may be destroyed (Fig. 1.56). The coUud V 
^H nmtcrml 16 produced within the cytnplasni of the secreting cells, 1 
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The colloid material subsequently finds its way into the general 
cireulationy either by pad&ing between tlie intact cells of the alve«iliis 
(Fig. 157), or after a [Kiseage ha^j l>een prepareil for it thn>ugh altera- 
tions in certain uf thdse cells (Fig. 15^;. The c^jlhiiil b* then taken 
up by the lymphatics, through which it reaches the general c-irciila- 
tion. This is an example ot* internal secretion which pn-^nt- much 
of interest. It is probable that a Mmilar, but much le».- <^\i*;u.», 
process takes place in some of the orrlinar}- se<;n-tinjr ;rland.- of the 
body, certain elaborated materials Ijeing retunif.-<l to the cir-ubtion 
by the cells of the gland, while other* are utilizr-^l for th^ir nouri.-h- 
ment and for the elaboratii^n of the nif»n- obviou- s-cn'tiori. 

That the secretion of the thyn^id gland i- of iiiiji'^rtanee to th*r 
general oiganlsm is shown by the efforts of di«^.*a.-4.- or n-rnoval of 
the gland upon the general nutrition. Total extir|iatioii of fl*«- 
thyroid, together with the jiaratliyn.i<i-. r^f-a-ion-; the d»rath of an 
animal within a few ilay«. after syfnpton:- of '/rav*- 'li-turixjii^'- in 
the central nervou* .-v*tem. amouir '.Wii'-ii are retaiii': '^rofivoNt'.fi-. 
A partial removal of th«r iflari*!. or i*- r«-rfiOv;ji 'AirhoMt that of rh«- 
pa rat hyrr lids, causes pp»f*»"-;r/d di-^j.HjftrK-'- of fifitritiou. ;/ro'i|/*d 
under the title "caeh'-xia -tr-rriii/ri'. .i." 'IK'- nuiiwA U-^rof/i'-^ v.«-riV. 
dn>wsv, and emaciat*-<l : tL*- -k!fi 'ir/ a.'i'j -/-silv. vij'tli a l'y/-^-i.if.;^ 
of the hairs. In vtiTjn'; an:r;;.'i]- •;.«- ;/ro'A\% I- /<-t;jf'J'«J. '-fy^i:jjl'. 
the development of tfie f^»rj'-. T.r'/ ;/:, 'i<-j;'-fi^r3?i'.' 'ii'.xt.'/' ." iti tK*- 
epiphysial cartilage-. In tJi*--^. t-j*- .':.•* rr*:]*!;;! -.fy-t.-jf;'* *>'o/;.'- 
swollen and dirinv-g^ra**-] : th«- '•* ..- 'c'r'\,:.\tA o? 'i*-rt/'yw *J. ,M:;f i" 'J 
changes, desi5rna!'-*J a- :.'.vi'>wi» ^'^j^, >/^. ;;j/;>-jsf .u »!*♦ ^'i^y fi*;;/,"/.^ 
tissue, which i- 'r»rjv*:r'i-'j .*:.• ^ ^^^ .i^ */ ;;, ,'o!'j *.-^'.< . j>r/o;ji/!v 
as the result of arj a]**-r-'j ::.- V:'*- . ';:, v>;.!?; v.' |/f« -* z.-^'ii* " l!r 
of the tissue. Tlie f'*^:j'- !'••:?:. .v. .•■. of »;.« ^ '.:.* : .- tt.'/\.i,**l : 
aftera while, al'^'jri:;:, *; rib r'--- .*- K/:."*. ■ ^ .'*.... / o.-* •.?)/;.».'> - i.>;".^- 
been ob»er\'ed in peojiji ►-.!?* r->/ •?'••• ': ^-"w- of '*.' •.•.. <o'; /.;;•-';. 

The fipTff^.nn'fi fix'"." i:r» «• ''-j ;,« •< - '/*'*' i *'/ ' f. •/?»;;.-,// o- ^ 
striking example TV- -»::•• v,!' • '.f^ '•.-, ;'.;,'> ».•.:.» »/.« m/;.?..- '/? 
the Ixidv are mufjti.v 'ji > -j ,. • • ',.' '■. ' -. '»••.' » 

£xperimentati'.*i; trj'j < •..':•' -■ *' * ^ ♦ ;.' » .-i.'/fj ';.; ' '.'.« 

symptoms fif mvx'^^rjt-j..-^ -. v - •/.«*; *', ^/t \/ %'i*'.*\»'- « ?.• i' / 
arresied bv f*f*r<i::i'.' v v •• •■•.' «/ «..' '»» i- <'.o»' if.,./r«'-v' 
by injectinjr extra"*' ?"•:: ■ • ..' / •''• •/'''•■' -' / ' •'.'»' 
tbev would ••!^e'j!.\ i^.^" .•■• •.• f '>;...' . ,.».' 
genend cireulatioi.. 
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Clifimical exanuDatioii hai^ reveuled the presence of a Htibstanco 
called " tliyroiodin " in the alveoli of the thyroid glaud. This ia a 
pnjteid containiDg a large amount of iodine. Its production by th<! 
thyroid gland may be incrca.sed by feeding with substancea eoutain- 
ing considerable iodine or by adDiiniatcring iodide of potassium. 
Injections of thyroiodin serve to mitigate the effects of thyroidec- 
tomy, very much as do injections of thyroid extracts. It ia by no 
means clear, however, that the thyroiodin is the only substance 
elnix>rat«d by the thyroid gland which may be of use to the tissues 
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yf^ti^ 



Uonof the thynikl t'lHiiil nfa tiiiun tworooDtbioId. (Kobn.) Showing Ihe podtion* 
or the outer «ijil InniT immthyroid bodle* knd » Ihyniun ((illlPlt; 1, tliyrotil gl«nd;p, 
Inner paralhyrold ; j/, outer pamlhyrold : (A, thymna fbttlcle ; o, portion of the lectluii 
showing tho InllmslB relBtloua t*l*Mn the thyroid unfl Iho Inner pamlhyrold; 6, por- 
tion tfemoniilrBtluga similar InlimHle relation between the thyroid ant) the tlMne« of the 
thymus fullJele. 



of other organs, or that the thyroid may not also remove injurious 
Bubstancen from the circtihition and thus indirectly benefit otlior 
BtructuroH in the body.' 

' Attention is aliio colled to the iKwaibilil; tliat ai 
BecrelloD may raare Bj-mptoiiiB of diseiwe nltriljiitablL- 
of other ot^nx, and mny alno ocnwiim diHlurtKinpes ii 
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The bloodvessels of the thyroid are abnudant, and form a rich 
plexus in the areolar tissue between the alveoli. Tlie lymphatics 
are also abundant and large, forming a network of rather large ves- 
sels in the same situation. The nerves accompany the voiscls, are 
destitute of ganglia, and have been traced to the bases of the epi- 
thelial cells, whence they may occasionally send minute terminal 
twigs with enlarged ends between the epithelial cells. 

2. The Paratliytoids (Figs. 159, 160, 161).— These are two bodies 
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m. nuclei exhibiting liaryoliliii.'li<' IlKUri-a. 





of identical structure, wliioli are develoiH4l in conjunction with 
the thyroid gland ; but, wliilr the latter progresses in its devel- 
opment until it attains the structure already described, the para- 
thyroids retain a structure similar to that of the cmbr}onie thyniid. 
They are composed of solid column," of epithelial cells, which anas- 
tomose with each other, but are elsewhere i-cpanited by a small 
amount of vascular areolar tissue. They are enelo.-H'd in a very 
thin capsule of areolar tissue, but arc in very close relation to the 
neighboring tissues of ilic iliymid gland (Figs, 150 and 101), and 
frequently also with isolated follii-lcs of thymus tissue. 

Different observers vary in their opinions respeetinn the jmra- 
thyroids. Some regard tlicm as reserve thyroid tissue, reniitiiiiup 
dormant while the thyroid is fuuctionally competent, hut developing 
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into thyroid IJwtuu when the gland fnrnUhes an insufficient supply of 
MH^retion. Otlinr ol»M?rvcr» deny thU and regard the parathyroids 
ON umhrynnio rudiments, nearly, il' not quite, devoid of function. It 
ix ocrtnii) that in some caites of thyroidectomy the parathyroidri 
Ikiromc enlarged, and that the cachexia strumipriv-a is not certain to 
duvelop nfUir the removal of the thyroid ghind unless the juruthy- 




lu iwrallij'rrilil ( 



liijtln iiri' nlnii nmiovwi. Histological studies of tlie [Mirathyroids in 
kHdIi iwiii'i linvK, however, fiiilwl to ri'veal a tendency on their lart 
hi dovulop liittt true thymid ti««ue. Their relations to the thyroid, 
Ihtirt'l'un', ■lill ivuiiiin undelermined. 

Ill "(Miii'iiiiiniid* — <"•!/., I lie eat — there are four parathyroid bodies, 
IWM tiN-iHiiiiteil Willi enoh lolw of the thyroid. 

l\. Tba AdrviuU Bodl« (Fig. 102). — The adrenal bi^ies, or Hupra- 
ri'iiid eM|Miili'ii, piiHMws II libniUH onp««ule, which is more areolar 
eNlnniully, where it fruqiieiitly merges into the perinephric fat, 
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nerve-fibres an- rhiefly fi iJk' nKdulIat^ vari^nr, and tbeJr boDtiles 
cTfnuin nuinerMii^ saiurib bi^lorv emtriiur the orsan. Here ibe 
ithnr^ ranuft" abumlaotlv id the cnrtes. wbeoc*- ihey peneinte into 




Lrtupbati'T n^ii-iT^ are Men am.-.aj the tf^thelUl evils «>niaU rarirtv tret tKVi Uf 
l>> tiM ri«tit rjf Ibe flfnre. 

the m'r'liilla. At tli<.- junotioii of ilu> nioiiiilh) and oiirtt>x the 
ner\'e-fibr(w are connected with ganglion-cells. The ncr\'e-termi- 
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nations are distributed to the walls of the vessels and penetrate 
between the epithelial cells of the parenchyma. 

As in the case of the thyroid gland, the relations of the epithelial 
cells of the adrenal bodies to the lymphatics appear of special 
interest. The lymphatic vessels are abundant and large, and accom- 
pany the bloodvessels lying in the areolar tissue of the septa. 
Here they come into close relations with the columns of epithelial 
cells, and, at least in the cortex, send minute terminal branches 
into those columns, where they end among the epithelial cells (Fig. 
164). This arrangement of the lymphatics apjK^ars to point to the 
elaboration of an internal secretion as the function of tlie adrenal 
bodies. Small masses of lymphadenoid tissue are occasionally 
observed in the cortical portion of the adrenal bcKly. 

4. The Pituitary Body. — The pituitary body (hypophysis cerebri) 
is divisible into two jwrtions, which differ both in their structure 
and in their embryonic origins. The posterior, or nervous, lol)e is 
derived from a prolongation of the third cerebral ventricle. The 
anterior, or glandular, lobe develops from a tubular prolongation, 
lined with epithelial cells, from the buccal cavity of the embryo. 
This partially or completely invests the nervous portion of the 
body, but its chief bulk is situated in front. The connection with 
the buccal cavity is obliterated, and, in the further development of 
the detached portion, a number of anastomosing columns of epi- 
thelial cells are formed, which are separated from each other by 
septa of vascular areolar tissue. These septa become continuous 
at the periphery with a thin fibrous capsule furnished by the pia 
mater. 

The cells of the epithelial strands in the glandular lobe appear 
to be of two sorts, which, like those in the thyroid gland, probably 
represent different stages of functional activity. The darker sort 
of cell yields microchemical reactions resembling those of colloid ; 
and little masses of colloid, presumably derived from those cells, 
are of not infrequent (xjcurrence within or at the margins of the 
epithelial columns (Figs. 165 and 166). 

The glandular l()l)e is richly supplied with capillary bloodvessels 
in intimate relations with the ej)ithelium, from which they often 
appear to be separated by only a thin basement-membrane, and the 
existence of this is doubtful in some situations (Fig. 167). 

The above description sliows that the structure of the hypophysis 
is similar to that of the other ductless glands already considered. 
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Its function is still very obscure ; but it appears, in cases of exiwri- 
menlal ihyroiiieotomy and in disease of the thyroid in the human 
subject, to enlarge when the function of the tliyroid gland in at)ol- 
ishcd and to assume vicariously the duties of that orgau. In how 
fiir this points to a norma! similarity in function of tin? two organs 
must, at present, be left undeterrainetl. In cases of enlai^ment 
of the pituitary body profound elianges in niitiition, charaolerized 
chiefly by overgrowth, frequently take place in the bones of the 
skeleton (acromegaly). 

The nervous -supply of the anterior lobe consists of nun-medul- 




land lar Inbe f Ihe hyptph^His blld six munths old (t-MhrinRBr.) 

ni btt ween the i^piltiplial rclli unlOe papillary tlocxJ euiU.nnd the 
e ralle, are Inillcated In thla HKure. The red Iilcxid-corpusFles within the 
eapillarlea have bci^n litalaed dark. 

lated fibreo, ileHtitute of ganglion-cells, wliieh ramify about the 
vessels and ttend some of their terminal twigs between the epithelial 
cells. 

The posterior lobe consists of tissues resembling those of the 
central nervous system : ganglion-cells, non-meduUated fibrils, and 
neuri^lia-cells. Within its substance there are also peculiar oval 
bodies surrounded by nervous temii nations, to which sensory Amc- 
tiona have been altributiKl, and small follicles, lined with cubical 
efritheliura. 
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e$, coTRi^MMidiDg to tltotiv ill ihc lviri[tliutii- 
ID the ihvmu:: (Fig. 169). 

Tb« fiiiKtion ut' tiic thj'riiUH irt ntill ii m^iU'r 
becD r«]£anieil as on« uf tlio siUtt iti uliii-li r-'l ltl'» 
formed, ani] al^ as a ti-ntjxiniry lyiiijiti;i<l>'iii,i>l .,i) 
pan 'A' the lynipb-oodvs until tlic^-^r liavi- \r-;,i,„. j„ 
<.>ther pan^ of the body. 

The tb}-iDusis coimocted with tlic tlivmi'l !>'. :■ .ii^in'l <i( iIimh 
liv-iie. am) i^latotl thyniiis-lohiiU- ;ir<- I'.un'l • ii.l,ri|.|.<l ,„ i 
edges of the thyniiil, neiir tlic |>:ir:itIi>T'>i>{ IhhIv '■■•' \- if IMi) 

The bloodvesseU ramify in lli<- -•■\ii!i <.i' iIk "ii-.m mul .1 
branches into the lym])hoiil fiilli<'l>", 'I \,i ]'.ir.{.liiiN' :• ■■■< i- ii"<. 
pony the bloodvessels and Hiirr'nind iIk- I'>I.i>I' -, l.m <l', i»ii ii|i|« 
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B of the fibron!> tissue aronnd tlic lohules, which eo- 
ottwubM apott the lympbadenuid Uiteae and gradually replaces it. 
Thiv flbrufU tissae gubscquently becomes, in great measure, c-on- 
vvrtwl inbu inUpuA^ tissue. It appears as though the endothelium 
of dw bltwJvwtwU also proliferate<l, jiving rise to maswg of imbri- 




^^ i|«UA>waMUH 



^'HkiLN^ihLVUllUlk *^ foUtaWi WBil leading tii tin ubliteration of the 

xSTtCTTu,-,'!.. 

•' - .Ok. llhMM vxtodist nfgrou|wor islcte of epitbe- 

tjlli v tlUuttii. tumM? ixvm which numerous capil- 




THE DUCTLESS GLANDS, 195 

lary bloodvessels are distributed in close relation with the epithelial 
cells (Figs. 170 and 171). Their function is unknown. 

7. The Coccygeal Gland. — This body is made up of groups and 
strands of cells, probably of epithelial nature, closely applied to the 
walls of capillary bloodvessels and surrounded by fibrous tissue. 
Its function and mode of origin are both unknown (Fig. 172). 
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a variable amount of fat, but more compactly disposed in the super- 
ficial portions, where it ciimes in contact with the epidermis, into 
which it projects in the i'orm of papillse. Some of these papillra 
contain loops of capillary bloodvcHsols, while others are occupied 
in their centres by peculiar nerve-endings, called " tactile corpns- 
cles." In some sitimtions, notably upon the palms and soles, the 
papillse of the curium are arranged in rows. In most parts of the 
akin they are irregularly scattered over the surface of the corlum 
(Kg. 173). 

The epideimifl (Fig. 174) is a hiyer of stratified epithelium in 



Vertical I 

thij cells bordi 




I repreaented. 



which the cells multiiily, where they are situated near the corium, 
and gradually suffer a conversion into horny scales as they are 
pushed toward the surface, where they are eventually desquamated. 
The changes the cells undergo in their journey from the deeper 
layers of the epidermis to its surface cause variations in their 
appearances which have occasioned a division of the epidermis into 
a number of more or less well-defined strata. The deepest stratum, 
where the cells multiply and grow, is called the " rete mucosum," 
It is composed of cells which gradually enlarge, becoming rich in 
cytoplasm, and are connected with each other by minute cytoplas- 
mic " prickles," between which there is a space affording a channel 
for the circulation of nutrient fluids (Fig. 39). Above the rete 
mucosum the cells appear more granular, owing to the formation 
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of a substance, called "eleidin," withiu the cytoplasm (Fig. 175). 
These cells form the "stratum graniilosum." The eleidin appears 
to be produced at the expense of the cytoplasm, the process being 
a form of degeneration, so that after a while the whole cell is con- 
verted into a homogeneous material in which the nucleus persists 
in a form deprived of chromatin, and therefore insusceptible of 
staining. The presence of these cells gives rise to the formation of 
the "stratum lucidum" immediately above the stratum granulosum. 
Within this stratum the eleidin api>ears to pass into a closely related 
substance of a horny nature, keratin, and the cells become con- 




Cell tyom lbe«lratum gnnuloBum iitlheepldermii of the Bi!a1p. (Rub!.) The cyloplum of 
(be cell hu been in gresl meaanre cuoTerted Inln granules of elcMIn : the chronulfn of 
the nucleus hu retracted Into a romiiact mass lu the centre nfthe uuclear region, and li 
destined to dliappear. This celHi from a suction made paralltl to the Burfaoe of the 
epidermis, which occoimts for its shape and apparent bIec. 

verted into firmly compacted scales, which make up tlie most 8ui»ep- 
ficial or horny layer of the epidermis. 

The sweat-glands are simple tubular glands, the deep ends of 
which are irregularly coiled to form a globular mass sitnate<1 in 
the deeper portion of the corium or at various depths in the sub- 
cutaneous tissue. From these coils the excretory duct passes 
througli the corium to the epidermis, wliere it opens into a spiral 
channel between the epidermal cells, ending in an orifice at the sur- 
face of the skin. 

The epithelial lining of the sweat-gland is a continuation of the 
stratum mucosum, from which it is derived, and consists of two or 
more layers of cubical cells in the duct and of a single layer of more 
columnar cells in the deeper, secreting portion of the gland. In 
the duet these cells rest u])on a homt^neous basement^membrane, 
but in the secreting portion there is a more or less complete layer 
of elongated cells, similar in api>earance to those of smooth muscular 
tissue, which lie between the epithelial cells and the basement-mem- 
brane (Fig. 176). It is doubtful whether these are really muscle- 
oells. The loops of the glandular coil are surrounded by fibrous 
tissne, which contains the bloodvessels supplied to the gland and 
serves to support it in its globular form. 
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The sebaceous glands can beet be described in connecdoa with 
the hairs and their follicles. 

The bulbouB attachment, or " root," of the hair, and the adjacent 
portion of its shaft, are contained in an in\'a^Dation of the corium 
and epidermis, called the " haJr-follicle " (Fig. 173,/). This is sur- 
roaaded by fibrous tissue, forming its external coat, which may be 
imperfectly distinguished into an outer layer, containing relatively 
abundant longitudinal fibres, and an inner layer, in which encircling 

Fki. 176. 




Bectlon throngh the colled end or a swent-ftlanil. (Klein.) a, b, duct In longiludln&l and 
crou-Bectlon : r.ii, sections of the secretory portion of the tuhule. Above dl9 a little adi- 
pose tiwne. The reel of the section Is composed of vaacularised areolar tissue. 

fibres predominate. At the bottom of the follicle this fibrous tissue 
becomes continuous with that of a vascularized papilla, similar to 
those existing on the surfiice of the corium, which projects into the 
root of the hair. 

The fibrous sac constituting the outer part of the hair-follicle is 
lined with a continuation of the epidermis, leaving a cylindrical 
cavity occupied by the hair. This layer of epithelium is reflected 
upon the surface of the papilla, where it forms the root of the hair, 
and then passes into the shaft, which is made up of cells, derived 
from those of the root, that have suffered keratoid degeneration. 

The epithelium lining the follicle, as well as that which composes 
the hair, is not of uniform character throughout, and has been divided 
into a number of layers, to which different obHer\*ers have given 
special names. The group of cells surrounding the papilla are the 
seat of the multiplication which results in the growth of the hair. 
Upon the surface of the shaft these cells become transformed into 
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thin scales, each of which nvorla|ie that above it. This very thin 
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Ur-fblllolfl from the hum*n srnli' (MoriActiinK.) 
ruadua; a, b. InngHudlniil nud eDclrcUng I1171 
hjrntcd or an uulcr tklntly flbrlllaled nnd iin InncT mon bomogciicouB UoiiDai it, 
pupllla; r, outer rooMheath, eonllnaoiis with rete muHwum of epidermis; r", lie outor 
layer. contlDUoiu with deepest eella of rcte and witli columnar cells covering tbc papilla; 
i'. lU Inner layer, conlluiious with the cortical celli of hair ; /. Henle's aheiith ; g. Hu«. 
Iu;'b layer; A. cuticle of root-iheath : t. cuticle of halt; I, cortical celti of thubftlr: m, 
medulla. 

layer is called the " cuticle " of the hair. Beneath the cutiule the 
cells are crowded tc^ther into fusiform ur fibrous elements, which 



make up the chief masa of the hair-gliaft. In the centre of this 
mass there is sometimes a line of more loosely aggregated cells, 
forming the " medulla " of the hair. When this is present the sur- 
rounding part of the shaft, between it and the cuticle, is known as 
the "cortex" (Figs. 177 and 178). 

The soba^eoM glands (Fig. 173, d) are sacculations in the corium 
near the bmr-follicles, which are filled with epithelial cells. The 
cells at the periphery divide, and, as they increase in size, push 




Halr-IblUcle from the hnman scalp. (MerleclilDg,) dou-aectloD from middle tfalrd of 
the follicle : b, loimiludtnal and cndrpUnR layera of the dljroua eoat; c, hyaline layer, 
formed of on outer (hinlLy flbrlltatod and an Inner more homogeneou* Umlna, r' -, t. outer 
roo«->healh, continuous with rele roucosum of epidermis ;/, Henle'a sheath ; p. Huilef 'i 
layer; ft. cuticle of root-sheath; t, cullcle of hair: I, cortical cells of the hair; m, 
medulla. 

each other toward the centres of the sacs. Here they undergo a 
fatty d^eneration, ending in destruction of the cells and the forma- 
tion of an oily secretion, the sebum, which is discharged into the 
hair-follicle a short distance below its opening on the surface of the 
skin. The sebum is a lubricant for both the hair and the epi- 
dermis (Fig. 179). 

The color of the epidermis and of the hair is due to a pigmenta- 
tion of the cells in the deeper layers of the rete raucosum and those 
composing the hair. The whiteness of the hair which comes with 
years is due to little spaces which appear in unusual numbers 
between the cells of the cortex, and are filled with air, reflecting the 
light and masking the pigmentation uf the cells. 

The nails are especially thick and condensed masses of o])itlielial 
cells which have nudei^one keratoid degeneration and are closely 
compacted. They are produced at the root of the nail, and as they 
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MlMWinM ilaild ttnm Uiu cllonial nudlt rj rannl (BcDdB and Uuenthcr's AUia.) a,cpl- 
UlKlllim MUillliii'iiK wltli llial llnli iithi. IiHir T Illole b U]er )rprollf«nllngupllTielIuRi 
llilliiV III* iMi nf Itio kIdiiiI: c riilirgiH) i-rl] heicdiiiliig to uodergn fHUir metaniorplioaU 
■>r Iha pj'tnplMra ; it, mua or Htium derived ftom ■ ilnele epKhellftl cull, 

HiMMiiiiMliitc piifli the body of the nail fornnnl. They, therefore, 
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niii^b th» nn4u(th« Hall iiF inlxIh-niniiUiii finoi, (Gmiil,) ii.inKlrixarth«tiaU 
I ki) «ii liifitiiliiHttuu at Ihr tvte mui^'iHiim. Xi-nr Ihe piiliil Indlcalrd bj the letter 
l)l>vlliil >uil* kai* IwH'inluflhBiiic Into tCFTHtold malcrliil, b, loownud scales of the 
u III llii< null , u, tvuiatiw -ir lliu miMl Futick which havu not beciimo keratoid. 



■HO'liiaimiiil tti thti h>»rny layer of the epiilormis, which has become 
iiiKililU'il t4> liiruk theau apeciul aitriictiireiii {^'*%- I'^O)- 
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The skin contains little muscular bands, the arrectores pili (Fig. 
173, mh)y composed of smooth muscular fibres, which are attached 
to the fibrous coat of the hair-follicles near their deep extremities 
and to the superficial layer of the corium on the side of the fol- 
licle toward which the hair leans. The action of these mus- 
cles is to cause the hair to assume a more vertical position, and 
to raise it and the follicle, producing the effect known as " goose 
flesh/' By their contraction they may also aid in the discharge 
of sebum, since their fibres often partially invest the sebaceous 
glands. 

The functions of the skin have reference to its being the organ 
coming in contact with the external world. The epidermis protects 
the underlying tissues from mechanical and chemical injury and 
from desiccation. The keratin in its horny layer forms an imper- 
vious and tough investment of the body, which is highly resistant 
toward chemical action and mechanical abrasion, and is constantly 
renewed from the layers that lie beneath it. It is kept in a pliable 
condition by the sebum discharged upon its surface and by the 
moisture proceeding from the sweat-glands, the " insensible perspi- 
ration.^' The skin also plays a prominent rdle in the regulation of 
the bodily temperature. When its vessels are contracted the amount 
of heat given off from the surface of the body is reduced ; when 
they are dilated, it is increased. A further loss of heat is occa- 
sioned by an increased secretion of sweat, which bathes the surface 
of the skin and abstracts from the body the heat required to con- 
vert it into vapor. Under the influence of sudden and marked 
cold the vessels of the skin become much contracted and the 
arrectores pili shorten, occasioning the production of a roughness 
of the skin, goose-flesh, and probably also a discharge of se- 
bum, which reduce the evaporation from the skin. At the same 
time a reflex rhythmical contraction and relaxation of the volun- 
tary muscles is brought about — shivering, which increases the 
liberation of stored energy within the body, and causes it to appear 
as heat. In conjunction with these functions the skin is also an 
organ of tactile and thermal sensation, functions which are not 
merely beneficial in themselves, but are useful auxiliaries in the 
furthering of the other functions exercised by the skin. It is a 
common experience that the sensation of cold stimulates the desire 
for muscular exercise, of which the liberation of heat is a result. 
The sensation of pain often gives timely warning of exposure to an 
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injury sufficiently great to overcome the usual pmtective powers of 
the epidermis. Thus we see that when the automatic action of the 
skill is inadequate for tlie performance of its functions it calls forth 




Hair-TudimEnl ream an eni1>ryii nf kIx weekB. <K61IIker.) a, hnrny l&yer ot epidermis: A, 
UalpighlBn Infer, n:te uuuusum; i, 1lm[tiag membriuie; «, «, oelli extuudiiig rrom the 
rele mucoaum to fill tbe future bair -follfples, Tlie elong»l«d cells neiit Iht base of the 
sac are those from whtrb hair la duvolopei, Tbe secrettDK eUhds of the bodf arlie from 
>omc opllhellal layer Id a BtmUar maimi-r. 

an aiixiliarv activity of other organs through the medium of the 
nervous sjstem 

The liair follicles are de\ eloped from the rete mucosum of the epi- 
dermis, ind first appear a» little masses of cells growing into tlie 




SmOIoii of dBTcloi.lriK i.".tti rr.im .■iiiiiry.) -if . ]- LI 1 ID and Dttvldoff.) 0. epi- 
thelium of the gam: b. ila devpiit layer: c, lUperndal celji uf Ihc euiuncl-piilp ; il, 
enamel-pulp Itirmed of landlOril epithelial celli i mill )f the enamel-pulp dcsllued to 
produuc the enamel ("adamaDtoblaBU"): p, dental papilla. 

underlying connective tissues (Fig. 181), The sebaceous glands 
arise as offshoots from these cellular masses. 
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The Teeth. — The development of tlie teeth presenta close anal- 
ogies to that of the hairs. They also first appear as little masses 
of cells, growing into the connective tissues of the alveolar proc- 
esses from the stratilied epithelium covering them. Into the bases 
of these masses connective- tissue papillce are develoiKxl, nliich 
eventually become differentiated into the pulp of the tooth-cavities. 
The epithelial cells which immediately surround these papillte be- 
come elongated to a columnar form and then become converted 
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SecUon of dcvelopinu liiiJlh. From embryo i>r rabtfl. (FrcuiiU.) rp, eplthcUuin or gum; 
(A, epithelial ctlla ronulng uutiT layer uflliL-uimDii-l-vulpiifllie lunipurury tuciUi : L, sim- 
ilar layer belontrltiB luthu riidimmit urtlic pvrniBiicni logtli; .'■r-. euamulpuli>: p. dciitHl 
pulp of the tuoth-i'uvily ; ,1, denUn ; r. hIo™l¥«isi.>h : H, rucllnu'lll of socon.l or pcrmununt 
(ootb ; a, embryonic ('onii^i-tlvu lisKuo of tliu alveolar process, 

into or elaborate the tissue of the enamel. The superficial cells 
of the papillee likewise elongate and produce the dentin. The 
cement which constitutes the outer layer of (he root of the tooth 
is bone, and is develojxid from the fcetal connective tissue in that 
region (Figs. 182 and 183). 

Only a brief description of the structures entering into the forma- 
Ijon of the fully devchiped tooth ran he given here. For a more 
detailed account of them the student is referred to special works on 
tlie subject. 
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The centre of the tiioth is hollow, and the cavity opens by a 

email orifice at the tip of the root. This cavity is filled with a 
highly vasculitr delicate areolar tissue, 
richly supplied witli nerves. Where 
this pulp is in contact with the tooth 
its outer layer is made up of modified 
connective-tissue cells, odontoblasts, 
which are capable of elaborating den- 
tin. The body of the tooth is com- 
pa'iod of dentin. Tbi» coutains minute 
canals, analogous to the canaliculi in 
I bone, but much longer. They extend 
from the pulp-cavily nearly, if not quite, 
to the outer boundary of tlie dentin, 
and, toward their terminations, give off 
branches. These canals are occupied 
by long fibrous processes of the odonto- 
blasts already mentioiied. 

The crown of the tooth, down to its 
neck, is covered with enamel. This 
is a tissue derived from epitlielinm, 
and is comjioscd of long, prismatic ele- 
ments extending from the surface of 
tlio tooth to tlie dentin. These prismB 
have a polygonal crofs-section and are 
bfild together by a ban! cement-sub- 
(Hith stance. They are not perfectly recti- 
linear, but pursue a wavy course, being 
disposed in laminm or bundles, in which 

the prisms have not quite the same direction. 

The root of the tooth, below the point where the enamel ends, is 

covered with cement, which has the structure of ordinarj' bone, but 

is usually devoid of Haversian canals {Fig. 184), 





CHAPTER XVII. 

THE REPRODUCTIVE ORGANS. 

I. IN THE FEUALE. 

The female reproductive organs are : (1) the ovary, in which the 
egg is produced ; (2) the Fallopian tul>e, through which it h con- 
veyed to (3) the uterus, where it develops into the fa*tus, and from 
which the child at maturity passes through (4) the vagina and (5) 
external genitals into the external world. 

1. The Ovary (Fig. 185). — The free surface of the ovary is cov- 
ered with a single layer of columnar epithelium, called the "germinal 
epithelium." Beneath this the substance of the orgjin is comjM)sed 
of a vascularized fibrous tissue, the "stroma," which is slightly dif- 
ferent in the details of its strucjture in diffen»nt jwirts of the organ. 
Immediately beneath the germinal epithelium it is slightly richer 
in intercellular substance than in the subjacent jmrts, so that the 
organ ap|)ears to have a proper fibrous coat. This (^oat is not dis- 
tinct, however, and gradually passes into a highly c(?llular form of 
fibrous tissue, in which the spindle-shaped cells are se[)arat<?d by 
only a small amount of a delicate fibrous intercellular substance. 
Toward the hilum of the ovary this connective tissue jwsses into a 
more distinctly fibrous tissue, containing a larger amount of inter- 
cellular substance and cells that are h'ss prominent. In this |K>rtion 
of the stroma the largiT vos?^'ls supplying the orgjui are situatcnl, 
and from it they send snialh^r bnuiches throughout the stroma of 
the organ. Within the nion* f^'l hilar n*gions of the stroma are the 
structures known as the Graafian follicles, cfach of whirh (*ontains 
an ovum. In onler to understand the structure of thes<* Graafian 
follicles it will Ik? well to trace the history (tf their develofiment. 

The Graafian follicles and ova an.' derive<l dnrinjr fi/'tal life from 
the germinal epithelium covering the ovar^-. From this layer of 
cells little columns of epithelium make their way into the stroma, 
where they become bn>ken ii]i into r-niall i-olated groups, in each of 
whidi one of the cells devejoj.i^ into an ovum, while the re*t con- 
tribute to the formation of the G niafian follicle. Thi- m(Ae of origin 
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may serve to expl.tin the fact that the younger Graafian follicles 
are most abundant in the peripheral portion of the Atroma. At 
first the Graafian follicle consists of a large ceDtral cell, the ovum, 




Section from the ovary oCan adull blleh. 
of Kurminal vpllhollum witliln Vbe Bti 
fulllclo ; «, diaciu proUgerut and ova 
I : g. flbroui coat of the follicle 



Waldcyer.) a, germinal epithelium: b, b, cnlunuu 
uia : 1^. c. Bmall folllFlea : d, mueh more advanced 
I ; /. iMKond ovum In aame tullicle (a miv oceui^ 
f, membraiia gnnulm 



nf epithelium: d, liquor ftilUcuU: it. old tfilllcle bom which the ovum has been dla- 
charged; t, hloodvewiela: m, m, aeetlonfl of the parorarluui ; y, Ini^rowth from thu gcr- 
miaal epithelium; i, transition from the EBnalnal epithelium to the perllimeal endo- 
IhcUum, 

surrounded by an envelope of somewhat flattened epithelial cells, 
which are in direct contact externally wHth the unmodified, highly 
cellular tissue of the stroma (Fig. ] 86), 

As the Graafian follicle develops, its position in the ovary becomes 
more central, and the cells around the ovum lose their flattened 
shape and divide, forming n double layer of cubical or columnar 
cells. These two layers then become separated by a clear flaid. 
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tlie liquor folliculi, so that tlie outer layer forms the wall of a sac, 
while the inuer layer remains as a close iiivestmeDt of the ovum. 
The cells of these two layers multiply : those surrounding the 
ovum forming the "discus proligcrus," and those lining the sac the 
" tunica granulosa " ; but they blond wilh each other at one [loint on 
the wall of the follicle, so that the ovum retains a fixed position. 
Meanwhile the tissue of the stroma undergoes modifications which 




' or adult lov. (Plato.) The ovum occuplen the centre 
ry large cell with a Inrjte vealeular nucleus ("germiiial 
Tcalcle"). wllhin waicti Is a large nucleolus ("germlnBl apol"), eiceeillng In site the 
whole nucleus of the ■urroimdlngepllbellal cells of the folliele. The celln of the stroma 
are arranKcd about the rollicle us thnuEh to rurm (hv flbrous r'OBt iit the latter. lu the 
lower portion of the flgure are three large cytoplasmic cells, containing glohulei of Ikt 
and granules of pigment. These celts are analogous la those found Id the InteraUtial 
llwue of the te«(lii. The cpllhcllum uf the Oraaflan follicle, and the ovum, also coDtaln 
globules of bl of various sites, stained black by the osmic acid used In the preparation 
of the apetimen. 

contribute a clear basement-membrane and a fibrous envelope, the 

"membrana propria," to the structure of the follicle. 

The follicle now enlarges, as the result of an increase in the 
amount of the liquor folliculi, eventually approaches the surface of 
the ovary at some point, and then ruptures, discharging the ovum. 

After the rupture of the Graafian follicle and the escape of 
its contents a slight hemorrhage usually takes place into ite 
cavity, which then appears filled with remains of the liquor fol- 
liculi mixed with coagu1ute<l bliMxl. Into this, granulations' now 
' See Cliainer XXIV. 
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develop from tlie fibniUH wall, replacing the clot aod eventually 
prodiieing a scar. This process is much more rapid in case the 
ovum ia not imiiregnated (corpus h^emorrlmgicum) than when inj- 
pregnation has taken place. In the latter case tlie productive 
iullammatturi is more niarketl, ami is accom]Nimed by a fatty 
degeneration of the older granulatious which gives them a yel- 
lowish tinge (corpus luteum). Id the centre of this yellowish zone 
is the remainder of the clot, aud about its periphcrj- an envelope of 
fibrous tissue, which is usually irregular in contour. The corpus 
luteum finally becomes a mass of cicatricial tissue of greater size 
than tliat resulting from a corpus hiemorrhagicum (corpus album) 
(Figs. 187 and 188). 

Pio. 187. 




mTj, Mlunrallng the IbnnMlon or tho eorpni luteum. (Snimttit.) 
ItecuDUy niplun-d Onallan [oUlcle. kt, gerroliiBl cjilthclluiu; bcneklli It. Ilto orxriiiu 
■tiuuu. Bounding the foUlclaexluniBUy is the fllinini capaulu or Ihu rallidc. Wltbln 
thli, Ifti, l«& ]>Terorpro11tbrallngfibrui»(lBBUe. campoged or polyhednl cells wlthraund 
Dudel. Among Ihuc are elongated nuclei belonging lo cndothellat rolli iprlnglag from 
the upUlBrlea, and destined to furm the mtUs of rotnre blood«i»HilB; r. Hplttielluni of 
tha membrtna smnulaga. Within llila arc the viscid temxlni or the liquor falUeuU, ' 
containing ■ few rvd lilaod-corjtuwles and lonie epithelial cvltg detachei] Avid tlie mem- 
bnoB granolofla^ lit, i¥d btond-corfiiucli*. This section vras prepared frum bu ovaiy 
about twcniy-lbur huura after culluH, and Ibc dcvelopDent of the layer Mi pnibablr 



2. The Fallopian Tnbe, — The free surface of the Fallopian tube 
is covered by a serous membrane, continuous with tJie rest of the 
peritoneum. This rests upon fibrous tissue, in which the longi- 
tudinal bundles of smooth muscular tissue constituting the external 
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SevliOQ of ;ODiiK oorpuB lutenm, fnur daji alter coltoB. Tbe giniliri'ratlnf; Fcinnoc^tive tissue 
ban aearly filled Uii; mvlty of the fulllcto, ouly a small miuB of fibrin renialtilng In 11b 
centre. The yotiiiK euunective Uuud is highly vueulsrlied, the liliHid In nome of the 
capllkaiits being repteaented, 0, ie, germinal eplUielluin. Below la the mHrgin of A 
GranOHii fnlllcle. with Its membrana STftnuloaa. 

muscular cout are situated. This is followed by an intemal mus- 
cular coat of encircling bundles of smooth muscular tissue, inside 
of which iu tiiu submucous coat of areolar tissue, containing a few 
scattered ganglion-cells. 

The mucous membrane consists of a highly cellular connective 
tissue covered with ciliated columnar ejiitbclium. During life these 
cilia propel toward the uterine cavity substances coming into con- 
tact with them. Toward and at the fimbriated extremity of the 
tube the mucous membrani' is thrown into deep longitudinal folda, 
upon which are numerous jiecundary and tertiary folds, but further 
toward the uterus these folds give placti to branching villous pro- 
jections into the lumen (Fig, 189). Toward the uterine end of the 
tube these complicated folds and villi disappear and the lumen of 
the tube becomes round or stellate. 

3. The Utems. — The external surface of the uterus, throughout 
most of its extent, ia covered by a reBection nf the peritoneum. 
Beneath this are three distinct coats of smooth muscular tissue, the 
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outer two in close contact with each other; the two inner separated 
by a tliiii layer of areolar fibrous tissue, supjutrting lai^ blood- 
vessels. This separation of the ianernioat layer from the middle 
layer leads to tlie inference that the former is analogous to the mus- 
ciilaris mucosae found in other hollow viscera, although in the utenis 
it forms the chief mass of the muscular tissue of the ot^n. The 
outer layer is made up of bundles of fibres that have a general 
lon^tudinal position; the two inner layers have a general circular 
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disposition of their bundles, though the latter interlace with each 
other in various directions within the muscularLs mucoste, leaving 
masses of areolar tissue containing the larger bloodvessels between 
them. 

Covering tlie surface of the muscularis mucosa! is a highly cellu- 
lar connective tissue, not unlike granulation- tissue in apiwarance, 
except that it is less richly supplitnl with bloodvessels. It is comiMsed 
of round an<l fusiform cells, lying in a small amount of intcnx'llular 
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substance, in whicL fibres can be distinguished only with difRculty. 
The gurfitce of the mueous membrane is covered with a layer of 
ciliated colnmnar epiihellum, which is continued into long tub- 
ular glands penetrating the snjicrticial portions of the mitscularis 
mucosse, where they frequently branch before terminating in blind 
extremities. It should be borne in mind that at tiie extremities of 
these glands the whole tubule is often filled with epithelial cells, so 
that no lumen is visible. In their course into the mucous mem- 
brane these glands are usually straight at first, but in their deeper 
[Mjrtious become tortuous (Figs. 190 and 191). 
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During the childbearing ])eriod of life the portion of the mucous 
membrane rosting upon the muscularis muco.S!e is the seat of active . 
changes which pass tlin)righ a cycle cor res|)on ding to each men- 
strual period, but interrupted by a special series of changes during 
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ppegnancy. These changes are of itnuortance in their bearing upon 
the pathoK^y of the oi^an, and munt be briefly described. 

At the niengtrual piTioci the eiiperficial portion of the mncoua 
mentbmne, down tu its tnusetilar coat, sutlent a degeneration, which 
results in Hh disintegration and discharge, aloDg with some blood 
derived from the expose*! and damaged vessels of small size within 
it6 tissues. After this degeneration the membrane is restore<l by a 
proliferation of the elements contained between the bundles of the 
muscularis mucosie, the glands being reformed from the remnants 
of their deep extremities. The mncoua membrane slowly continues 
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to increase in thickness and the glands in lortiiousness until the 
next menstruation, when the same process is repeated. It will bo 
noticed that the connective tissue of the mucons membrane, in the 
absence of pregnancy, is subject to ixriodioal degeneration and re- 
generation, which probably prevent it»i development into a mature 
fibnnis tissue with an abundance of fibrillateil intercellular substance. 
If iin ovum, discharged from the ovary, becomes fertilized, the 
meustrnal cycle of changes in the superficiiil portion of the mncons 
membrane of the uterus is interrupted. That portion of the mn- 
coua membrane ihen imdeipaes extensive modifications in slrncture 
during the early months of the ensuing pregnancy. The inter- 
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cellular tissue between the uterine glands becomes more hyper- 
plastic than during the intervals separating the menstrual periods, 
and at the same time the cells composing it become hypertrophied, 
until they closely resemble large epithelial cells. These cells have 
been called "decidual cells." The ovum, when it reaches the 
cavity of the uterus, becomes embedded in this tissue, which grows 
around and encloses it, after which it is differentiated into three 
portions. The part beneath the ovum is called the decidua sero- 
tina ; that which invests the ovum, the decidua reflexa ; and that 
lining the rest of the uterine cavity, the decidua vera. While the 
decidual tissue is developing and its cells enlarging the uterine 
glands suffer changes. Their mouths become widened, and their 
lower portions down to the muscularis mucosae dilated, after which 
the epithelial lining atrophies and seems to disappear, so that the 
lumina of the glands appear as spaces in the decidual tissue. As 
the ovum enlarges, the decidua reflexa comes in contact with the 
decidua vera, and the two layers exert a mutual pressure upon each 
other, which flattens the spaces they contain and may obliterate 
many of them. The decidual tissue now consists of a number of 
flattened spaces which are separated from each other by thin walls 
of fibrous tissue produced by the further development of the de- 
cidual tissue. The decidua reflexa and the decidua vera blend 
with each other to form a part of the membranes that are expelled 
from the uterus, along with the placenta, after the birth of the child, 
the rest of the membranes and most of the placenta being derived 
from the foetus. After the birth of the child and the expulsion of 
the membranes the mucous membrane is regenerated from the tis- 
sues remaining in the superficial layers of the muscularis mucosae. 

The mucous membrane of the cervical portion of the uterus does 
not participate in these changes incident to menstruation and preg- 
nancy, and the connective tissue underlying its epithelial lining is 
more fibrous in character than that in the corresponding part of the 
uterine body. About the middle of the cervical canal the ciliated 
epithelium, which is continuous with that of the body, passes into 
a stratified epithelium, which extends over the cervix uteri, the 
portio vaginalis, and the inner surface of the vagina to join that of 
the epidermis upon the labia minora. The fibrous tissue beneath 
this stratified epithelium possesses papillae similar to those upon the 
skin, and contains mucigenous glands, which secrete a tenacious 
mucus serving to close the cervical canal during pregnancy. The 
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orifices of these glands souietimes become (icdiided, cauging a cys- 
tic dilntutioii of tlic acini, due to accumuluted secretiou, "oviila 
Nalxjthi." 

Tiie miisotilar and other tissues of the uterine wall undei^o 
hypertniphy during [tpeguaucy, the individual niiiscular fibres be- 
coming as much as tliirty times their original bulk in the non-preg- 
Dant uterus. The bhxMlvesscIs also eulai^' and acquire thicker 
walls. These retain much of this increase of size, even after tlie 
involutiou of the uterus following jKirturition, but the muscular 
fibres suffer a partial fatty degeneration, which restores them to 
nearly llieir original eflndition. 

4. The Vagina (Fig. 192). — The subepithelial fibrous coat of the 
vagina is covered v 1 n ]t[W| lie 1 hirjectinto the epithe- 
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coat is a layer of areolar tissue connecting the vagina with the 
neighboring parts, except at its posterior and upper part, where it 
is covered with a serous membrane, forming part of the peritoneum. 

5. The External Genitals. — The hymen is a fold of the mucous 
membrane, and consists of fibrous tissue with a covering of strati- 
fied epithelium. The same general structure obtains also in the labia 
minora, prepuce, and labia majora ; but the labia minora and prepuce 
are destitute of fat, while the labia majora contain considerable adipose 
tissue. All three organs are supplied with sebaceous glands, which 
are numerous beneath the prepuce and are associated with hairs only 
on the labia majora. The latter also contain fibres of smooth mus- 
cular tissue, corresponding to the analogous dartos of the scrotum. 
The bulbi vestibuli, crura of the clitoris, and the body and glans of 
that organ are composed of erectile tissue. The glands of Bartholin 
are compound racemose glands, in which the alveoli are lined with 
a columnar epithelium resembling in structure that of the mucous 
glands in other parts of the body. The epithelium lining their 
ducts is of the cubical variety. 

The parovarium is a remnant of the Wolffian body of the foetus, 
consisting of a series of blind tubules lined with epithelium (Fig. 
185). It is situated between the Fallopian tube and the ovary. The 
remains of the Wolffian duct and of the duct of Miiller, having a sim- 
ilar structure to the tubules of the j)arovarium, are sometimes per- 
sistent, the one connected with the }>arovarium, the other with the 
extremity of the Fallopian tube. These structures are of interest 
because tumors occasionally arise from them. 

The Maturation of the Ovmn. — Before the ovarian ovum is ready 
for fertilization it must undergo two divisions, during which the 
amount of chromatin left in the mature egg is reduced one-half. 
The first division results in the formation of two cells, which diffi?r 
enormously in the amount of cytoplasm they possess, but which 
have equal shares of the chromatin in the original nucleus. The 
smaller of these two cells is known as the " first polar body." After 
its separation from the larger cell both cells divide again, without 
an intermediate growth of the chromatin. In this second division 
of the larger cell the two resulting cells are again very unequal 
in size, the smaller being the " second polar body." The first polar 
body having also divided, there result from these successive divis- 
ions one mature egg and three polar bodies, each with only half 
as many chromosomes in its nucleus as are commonly found in the 
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general or " somatic " wll^ of the body (Fig. 193). Tlie polar bodies 
perish, aa does also the ovum, unless fertilized by the introduction 
of a Hpcrmatozoon. Tlie latter, as we shall see, also contains hnlf 
the number of chromosomes contained in the somatic cells ; so that 
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aflor its entrance into tlie mature ovum the latter acquires its full 
eoniplcMieiit <if ehninioHomoa and is ready for development. 

The Uammarj Gland. — Each mamma consists of a gnjup of about 
twenty similarconiiH>undra<«mo8egland8,opening by distinct orifices 
at the tip of the nipple, and so[>arated and enclosed by filtroiLs tissue, 
in which there is a variable amount of fat. At the edges of the 
mamma ttiis fibrous stroma becomes oontinnous with the tissues of 
the su[)erlicial fascia in which the breast is situated. 

Each of the glands entering into the composition of the breast 
possesses a. single main duct, the " galactiferous cluct," which is lined 
with columnar epithelium, except near its orifice, where the strati- 
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fied epithelium of the epidermis extends for a short distance into 
its lumen. A little below the base of the nipple the duct presents 
a fusiform dilatation, called the " ampulla/' which serves as a reser- 
voir for the comparatively small amount of milk secreted in the 
intervals between nursings. 

The main duct branches in its course from the nipple into the 
deeper portions of the gland, and these branches give off twigs, 
which terminate in the alveoli of the gland. The columnar epithe- 
lium lining the main duct gradually passes into a cubical variety 
in the branches, and this becomes continuous with the epithelial 
lining of the alveoli. The terminal branches of the ducts are short, 
so that the alveoli opening into them lie close together and are col- 
lectively known as a " lobule " of the gland. These lobules are, in 
turn, grouped into lobes, each of which corresponds to one of the 
main ducts of the breast. 

The individual alveoli and the lobules are surrounded by fibrous 
tissue, which may be subdivided into an intralobular and an inter- 
lobular portion, the latter more abundant than the former. This 
fibrous tissue supports the vessels and nerves supplied to the gland. 

The character of the epithelium lining the alveoli varies with the 
functional activity of the gland. 

Before puberty the secreting acini are only slightly, if at all, 
developed, the mamma consisting of a little fibrous tissue and the 
ducts of the gland, which possess slightly enlarged extremities. 

When the gland has become fully developed, at or about puberty, 
the epithelial cells lining the acini are small and granular and nearly 
fill the diminutive lumina. The fibrous stroma is, at this period, 
abundant and makes up the chief bulk of the breast. 

When the gland assumes functional activity the cells enlarge 
and multiply (Fig. 194), and the lumina of the acini become dis- 
tinct and filled with a serous fluid. Into this fluid a few fat-globules 
are discharged from the epithelial lining, forming an imperfect milk, 
very poor in cream and differing in the proportions of the dissolved 
constituents from the milk that is produced after the function of 
the gland is fully established. This secretion is called " colostrum." 
Besides the scant supply of fat-globules which it contains, it is fur- 
ther characterized by the presence of so-called colostrum-corpuscles. 
These are leucocytes which have wandered into the acini of the 
gland from the bloodvessels in the interstitial tissue, and have taken 
some of the fat-globules of the secretion into their cytoplasm. This 
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process results in an enlargement of tlie leucocyte, and, iu extrem^ 
cases, to an obscuring of tlie nucleus and cytoplasm by fat^lobules, 
80 that the whole appears as though composed of an agglutination 
of numerous drops of fat (Fig, 1 95). 

As the functional activity of the gland maturcH tlie epithelial 
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cells lining its acini produce drops of fat in the cytoplasm bor- 
dering on tlic lumen, and these are subsequently discharged into 
the lumen, forming the fat or cream of the milk. The casein of 
the milk apjjears to l)e procluftil in the following manner: it has 
been observed that during lactation the nuHci nf some of the cells 
present changes in form that lead to the inference that they undergo 
division by the direct mode — i. e., without passing thnjugh the 
phases of karj-okinesis. It thus happens that some of the epi- 
thelial cells contain two nuclei. These cells, after a while, jiroject 
into the lumen of the ocinuK, the two nuclei lying in a line perpen- 
dicular to its wall. It is supposed that the nuclei nearest the lumen 
become detached, together with some of the cytoplasm, and that the 
chemical constituents of the nucleus and cj'topUism enter into the 
formation of the casein. Such free nuclei have been observed in 
the lumina of the acini, and it is known that the chromatin which 
they contain disintegrates and eventually disappears (chromolysij"), 
BO that it is not found in the secrete<l milk. It is prolwdde that the 
otlier constituents of the nucleus likewise undergo chemical changes 
(karyolysis) (Fig. 196). 
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When lactatiou is suspended the breast at first secretes a. fluid in 
every way resembling colostrum, and eventually returns to tlie dor- 
mant state, in wliich the cells are again small and granular and the 
stroma is relatively abundant. 

As the glandular jiortinn of the breast enlarges during lac-tation, 
the whole breast beeomes increased in size, but this increase is not 
proportioual to the development of the alveoli, for the stroma is 
reduced in amount, so that the lobules of the gland are closer to 
each other. After the period of lactation is passed the alveoli 
return almost to their original size, but the stroma is not repro- 
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diiced in fibrous form, but its place i.s taken by adipose tissue, the 
amount of which depends upon the individual, being great in 
those that are fat, and slight in those that are lean. In the 
latter, therefore, the breast becomes soft and pendulous after 
lactation has ceased. 

It is important to bear the above changes in the normal gland in 
mind when examining the mamma for evidences of a tumor. When, 
for example, the stroma ia abundant and the glandular structures 
undeveloped, as is the case before pulwrty, sections of the gland 
may l>c mistaken for those of a mammary fibroma. 
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The nipple is composed of fibrous tissue, with a considerable 
admixture of elastic fibres, in which there are scattered bundles of 
smooth muscular tissue lying parallel to the axis of the nipple. A 
circular bundle of the same tissue is found at the base of the nipple, 
ami by its compression on the bloodvessels may be the cause of the 
erection of the nipple. The skin at the base of the nipple and iu 
the areola surrounding it contains lai^ sebaceous glands. 

The mammar}' gland in the male is functiouless, and, while it 
contains ttic same structures as in the female, it remains in a com- 
paratively iindevelojjcd condiliim. 

n. IN THE MALE. 

The male organs of generation include the penis, prostate, vesic- 
ulte seminales, vasa deferentia, epididymis, and testes, tt^ther with 
certain accessory glands. 

1. Tlie Penis. — This la formed by three parallel structures: the 
eorpuni cavernosa, lying side by side and partially blending in the 
median Hue, uud the corpus spongiosum, situated beneath their line 
of Junction and coutaiuing the urethra. At its anterior end the 
corpas spongiosum expands about the ends of the corpora cavernosa 
to form the glans penis. These three bodies, except over the glans, 
are firndy held together by fibrous tissue, which is condensed at 
their surfaces to form compact sheaths or external coats envelo|)ing 
the erectile tissue of which each is composed. The sheaths of the 
corpora cavernosa are incomplete where they are in contact, permit- 
ting the erectile tissue to blend in the median line. This inter- 
communication is freer toward the anterior end of the penis than 
near its root, where the corpora cavernosa are more distinctly sepa- 
rated, preparatory to their divergence to form the crura. 

The sheaths of the corpora cavernosa are compared of fibrous 
tissue containing nn abundance of elastic fibre-s. From its inner 
surface each sheath gives off a number of fibrous bands, called 
" trabeculffi," which dix-ide and anastomose with each other, forming 
the chief constituent of the erectile tissue. Within these trabecule 
are nuDierou.t bundles of smooth muscular tissue. 

The erectile tissue is made up of these tral>ecul8e, which give it a 
spongy character and are covered with endothelial cells, converting the 
spaces l>etween them into cavernouM venous channels. These become 
engotgetl with bloixl during erection. The vessels supplying this blood 
are situated in the trabeculie, and give off capillary branches, which 
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lertral)Ociilar spacfs, discharging blood into those 
enormously dilated venous radicles. Here 
!ind there arterial twigs, surrouudcd by an 
investment of fibrous tissue, project from the 
trabeculie iuto the venous epaces. These, 
because of their twisted forras, have received 
the name heliciiie arteries (Figs. l!)7and 198). 
Tlie structure of the corpus spongiosum is 
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similiar to that of the corpora cavernosa, but the trabeculie are 
more delicate and the sjHices between them of more nniforni .size. 
Its shcatli is studded with papilla where it covers the glans, at the 
edge of which they are unusually lai^. They are covered with a 
layer of stratified epithelium, which conceals them over the surface 
of the gluns, where they are comparatively small, but merely invests 
the larger ones at the corona. This layer of epithelium is continu- 
ous with tliat of the skin covering the rest of the penis, which is 
elsewhere loosely connected with the underlying structures by 
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areolar tissue devoid of fat. The skio is without hairs on the ante- 
rior two-thirds of the penis, hut conttiins sehaceous glands, which 
are especially numerous in the fold of the prepuce, where it is 
attiiched near the corona of the glaus, glands of Tyson. 

2, The Prostate. — Tins body is regarded as the analogue of the 
uterus, its iitrielc corresponding to the cavity of that organ. It has 
a fibrous investment, which merges into the areolar tissue connect- 
ing the prostate with the surrounding structures and, iu its deeper 
portions, contains smooth muscular tissue, which accompanies it in 
forming the stroma of the organ. Within this stroma are the 
prostiitic glands, compose*! of acini, lined with epithelium of the 
columnar variety, and opening into a series of ducfe having their 
orifices in the fltx>r of the urethra. The glandular alveoli freijuently 
contain little concretions of a substance closely resembling amyloid, 
corpora amylacea, wliich often display a marked concentric lamina- 
tion (Fig. 19!)). 
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The two ejaculatory ducts pass through the prostate to o[>en into 
the nretbra in its course within that or^n. A little beliind their 
orifices is the venimontunnm, containing erectile tissue, which is 
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, supposed, during erection, to serve as a dam, preventing the entrance 
of semen into the bladder. 

The ejaculatory ducts divide behind the prostate, one branch 
forming the duct of the seminal vesicle, while the other becomes 
continuous with the vas deferens. 

3. The Seminal Vesicles. — These are tubular sacs ending in blind 
extremities, with occasional saccular branches given off from their 
sides. They are lined with a mucous membrane covered with columnar 
epithelium, resting upon areolar fibrous tissue. Outside of this is 
a muscular coat containing internal circular and external longi- 
tudinal fibres, and surrounded by an ill-defined fibrous coat that 
passes into the general areolar tissue of the region. The seminal 
vesicles sometimes contain semen, for which they may serve as a 
temporary reservoir, but they also secrete a fluid that is mixed with 
the semen at the time of ejaculation. 

4. The Vasa Deferentia. — The vas deferens of each side resembles 
the seminal vesicle in structure. It is lined with columnar epi- 
thelium, beneath which is a layer of areolar fibrous tissue, resting 
upon the muscular coat. This is surrounded by fibrous tissue, 
becoming areolar as it blends with that of the neighboring parts. 
The muscular coat is thicker than that of the seminal vesicle, and 
is divisible into an inner layer of circular and an outer layer of 
longitudinal fibres. The mucous membrane, like that of the sem- 
inal vesicle, is thrown into folds, which are longitudinal throughout 
most of the course of the vas deferens, but are irregular in the 
sacculated distal portions of the tube, giving the surface a reticu- 
lated or alveolar appearance. 

5. The Epididymis. — The vas deferens of each side becomes con- 
tinuous with the canal of the epididymis, which is an enormously 
long tube, twenty feet, so convoluted and packed together as to 
occupy but little space. It is lined throughout with columnar epi- 
thelium, continuous with that of the vas deferens ; but, except for a 
short distance from the junction with the vas, the cells possess cilia 
of considerable length, which induce currents toward the vas deferens. 
The muscular coat of the latter is continued in the epididymis, but 
is very thin. Opening into the canal of the epididymis are the vasa 
efferentia of the testis. 

6. The Testis. — The testis is a compound tubular gland, of which 
the secretion contains the spermatozoa. The latter are derived from 
certain of the cells lining the tubules, and contain within their 
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structure a tiefiiiite amount of chromatiu and a ceiitrosome. Diiriug 
the fertilization of the ovum this chronmtia unites witli a simitar 
amount present in the egg-cell, and thus forms a complete cell, the 
nucleus of which contains equal amounts of chromatin from the 
male and female parents of the future offspring. We have seen 
(Chapter I.) that the nuclei of the cells throughout the body break 
up, during karj'okinesis, into a definite and constant number of 
fragments, called "chromosomes," which split during metakinesis; 
one-half of each chromosome going to each of the daughter-nuclei. 
These chromo.some-halves form a reticulum within the daughter- 
nuclei, and while in that form the chromatin appears to increase in 
amount, so that by the time the cell divides again the full supply 
of chromatin is present in its nucleus. During the two cell-divis- 
ions which imnjediately prece<lc and result in the formation of tJie 
spermatozoa and the matured e^ this growth of the chromatin 
docs not take place, and, as we shall presently see, each spermato- 
zoon or matured ovum cont;tins but half of the chromosomes that 
are normally present in the somatic or general cells of the body. This 
" reduction of the chromatin " has been a matter of much study 
within the last few years, because of its probable bearing upon the 
problems of heredity. The fact of its occurrence is strongly con- 
firmatory of the idea that tlie chromatiu is the carrier of hereditary 
cliaracteii sties, the fertilized ovum receiving equal shares from both 
parents. 

The tubular glantls of the testis are enclosed in a strong fibrous cap- 
sule, made up of interlacing Ixinds of fibrous tissue. Tliis becomes con- 
tinuous, behind, with a mass of areolar tlt^sue containing the vascular 
supply of the oi^nand the epididymis, with the vasa efferentia open- 
ing into it. The fibrous capsule is called the " tunica albuginea." It 
is covered, except posteriorly, by the viscemi portion of a serous mem- 
brane, the "tunica vaginalis." From theinner surface of the capsule 
numerous bands and strands of fibntus tissue, tral>eculie, traverse the 
glandular part of the organ, imperfectly dividing it into lobes, each 
of which contains several of the glandular or seminiferoas tubes. 

Upon the surfaces of the trabecuhe and ujron the inner surface 
of the capsule the dense fibrous tissue of th()se atrueturea jNi.sses 
into a delicate areolar tissue, which gives support to the nuniemus 
small bloodvessels and abundant lymphatics distributed ivithin the 
organ. This vascular areolar tissue also itenetnites between the 
seminiferous tubules, gi\'ing them support. In this region the 
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interstitial tissue juet meDtiouetl contains large cytoplaaniic wUs 
of connective-tissue origin, which frequently contain globules of 
fat or granules of pigmt^nt, and Id many instances, in man, have 
been observed to contain crystalloids of protcid nature. It has 
been surmised that tiiese cells may serve for the storage of nutri- 
ment required by the active proliferation of the cells that produce 
the eiiermatozoa within the seoiinifenjus tubes (Fig. 200). 



Fig. 300. 
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Each seminiferous tube is provided with a basemen t-membrane, 
upon the inner surface of which are epithelial cells. These are di- 
visible into three groups : first, a parietal layer of cells, the " sper- 
mutogonia," lying next to the basement-membrane ; second, a layer 
of cells, often two or three deep, called the "spermatocytes," lying 
upon and derived from the spermatogonia ; third, the " siHirmatids," 
lying most centrally. The spermatids are derived from the spermato- 
cytes, and are the elements from which the spermatozoa develoj), 
one spermatozoon being fonnetl from each spermatid. 

The cells of the parietal layer, that containing the spermatogonia, 
are not all alike. At intervals certain cells, called " sustcntacular " 
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celi^, or the "cells of Sertoli," are differentiatol from the others (Figs. 

201-213). These susteotacular cells rest with a broad base, the 

Fi(i. 201. 
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Fio. 214. 



"basal plate," directly upon the basement-membrane, where the 
edges of the basal plates are in contact, forming a sort of bed 
with depressions in its upper surface, in which the spermat<^nia 
find lodgement. The cells of Sertoli possess a thick cytoplasmic 
process, which extends toward the lumen of the tubule, and to 
which those spermatids which are developing into spermatozoa 
become attached. For this reason they arc called sustentacular 
cells. Their nuclei differ from those of the neighboring spermato- 
gonia in being less rich in chromatin and 
in possessing a single and prominent nu- 
cleolus. 

The appearances of the various cells 
enumerated depend upon the stage in 
their activity which happens to be under 
observation. The general course of de- 
velopment, ending in the formation of 
the spermatozoa, is as follows : the 
s|)ermatogonia, between the cells of Ser- 
toli, multiply until quite a collection of 
such cells is produced. Each division is 
followed by a period of rest, during which 
the chromatin increases in amount. When 
the tinal stage of rest is at an end and the 
cells have attained their maturity, they 
constitute what are called the primary 
spermatocytes. These now divide, each 
forming two secondary spermatocytes, 
which in turn divide, without an inter- 
mediate distinct resting-stage, to form 
two spermatids. Each primary spermato- 
cyte, therefore, gives rise to four sperm- 
atids. It is during the division of the 
secondary spermatocytes that the reduc- tail of flageiU; t. ena-pieoe. 

... 1 .• I ' 1 1- i The thtclcDese of d uiav be 

tion in chromatin, which was mentioned ^^^^^ ^ j,,^ prenence of a 
above, takes place (Fics. 202-213). Each «heftihsurrounaingtho«tuai 

.. ' . \ ..-,■ ■. Hagellii, which projects from 

Spermatid receives, in addition to its per- the aheath at *. 
tion of chromatin, a single centrosorae. 

The spermatozoon, then, is derived from a corpuscle, the spermatid, 
which contains all the essential oi^nsofacell, differing from the gen- 
eral cells of the body, the somatic cells, only in possessing half the 
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usual number of chromosomes in its nucleus. It is unnecessary to 
pursue the chain of events through which the Sj)ermatid gives rise to 
the spermatozoon. It may sufiBce to state that the body of the latter 
consists of the chromatin of the nucleus ; that the long cilium con- 
stituting the tail of the six?rmatozoon is develope<l from the cyto- 
plasm ; and that the centrosome of the sjx^rmatid is probably con- 
tained in the middle piece of the sixjrmatozoon (Fig. 214). Even 
these conclusions are inferences from studies of spermatogenesis 
in the lower animals, and not from direct studies of that process in 
man. The latter undoubtedly conforms very closely to the former 
in all essential details. 

To return to the histology of the testis : the epithelial cells of the 
seminiferous tubules rest upon a basement-membrane, which is divis- 
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Bascmeiit-nifmbriim' from seiniTiiffnuis Uiho of the rat. (KbinT.) m, cndotlicliiil rolls ooni- 
posin^ tlic fXltTiial layi-r ; /, cells, prcHUinably Iciurocytes, iiiturculatiMl Iwtwocn the eiulo- 
thelial cM'lls. The faint striatioiis uiM»n the endothelial cells repR-sent wrinkles in the 
homogeneous mi-mhrane forming the inner surface <if tin* basement-membrane; the 
wrinkling is prt>bably due to a slight shrinka^re of th(> endothelium. 



ible into two hiycrs : first, jui internal, extremely delicate, homoge- 
neous menii)nnie, upon which the epithelial cells rest ; and, secunul, 
a layer of endothelial cells (Fi^. 2\o). T\w latter may bound, at 
least in places, th(» lymphatic* s])accs, which an* abundant in the 
interstitial tissiK* of the testis. 

Towanl the back of the testis the seminiferous tubules unite 
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with each other and open into a number of straight ducts of 
smaller diameter, called the "vasa recta." These are lined with 
a cubical epithelium resting upon an extension of the ba&emcnt- 
membrane of the seminiferous tubes, and, in turn, open into a 
reticulum of tubules of larger diameter, situated in the mass of 
areolar tissue at the posterior aspect of the testis. This reticulum 
is called the " rete vasculosum," and the tubules composing it are 
lined with a low epithelium, apparently resting upon the surround- 
ing fibrous tissue, without an intermediate basement-membrane. 
These tubes permit an accumulation of semen before it enters the 
vasa elTerentia. 

The vasa efferentia have a peculiar epithelial lining, which may 
be regarded as transitional between the cubical epithelium of the 
vasa recta and rete and the ciliated columnar variety lining the 
epididymis. It consists of alternating groups of cubical and 
ciliated columnar epithelial cells (Fig. 216). 



/;;- 



Section of TflsaetTerentl* fWm human leMIs (Biihm and DftvidolT) o, cubical or seoretorr 
epithelium; b, columnar ciliated epllhellum, with deeper pyramidal cells beneath those 
that bear the cilia. Thia form of ciliated epithelium correaponds to that found In the 
epldldrmis where the cubical epithelium U abaent 

The vasa efferentia, as already stated, open into the canal of the 
epididymis, through which their contents reach the vas deferens. 
The walls of the efferent tubes possess a layer of encircling smooth 
muscular fibres, which are reinforced in the epididymis by an addi- 
tional external layer of longitudinal fibres. 

The nerves supplied to the testis are destitute of ganglia, and are 
distributed to the vessels and surfaces of the seminiferous tubules. 
No terminations have been traced to the epithelial lining of those 
tubules. 





THE CEXTRAL NERVOUS SYSTEM. 

The functional part, or parencliyraa, of the central nervous 
system is composed of gangHon-cells with their processes. Some 
of these processes are of cytoplasraic niiture, and, aa explained in 
the chapter on the elementary tissues, are called the protoplasmic 
processes. From each ganglion-oell at least one process is given 
off which differs from the protoplasmic processes, and is called the 
"axis-cylinder process." This in most cases becomes the axis- 
cylinder of a nerve-fibre, and may lie invested with a medullary 
sheath and neurilemma at some point near or at some distance from 
its exit from the cell. 

It will be convenient, for the brief description of the central 
nervons system to which this chapter must be restricted, to adopt a 
special terminolc^y for the different portions of the ganglion-cell 
and its processes, as follows : the term gangliortHxll will be restricted 
to the nucleus and the cytoplasm surrounding it ; the protoplasmic 
processes will be called the denilfUeH, and their terminations 
the teledendriies. The axis-cylinder process will be termed the 
neuriie; the delicate branches it may give off in its conrse, the 
collateraU ; and the terminal filaments of the main trunk, col- 
lectively the tdeneurite». The cell, with its processes and their 
terminations, will collectively constitute a veuron. 

A complete neuron, then, consists of (1) certain teledend rites, which 
unite to form one or more dendrites connecting them with the gan- 
glion-eell ; (2) the cell Itself; and (.1) one urmore neuritec, which may 
give off collaterals and finally terminate in teleneurites (Fig. 217). 

At the present time these neurons are believed to be without 
actual connection with each other, but to convey nervous stimuli by 
contact. The course of the nervous inipnlses is from the teleden- 
drites to the nerve-eell, and thence, by way of the ncurite, to fho 
teleneuritcs, whence it is communicated, without a direct atruetura! 
union, to the next tissue-element in the chain of nervous transmis- 
sion. Those neurites which carry stimuli from the nerve-centres 
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to the periphery, centrifugal impulses, form the axis-cylinders of 
some of the nerves. The axis-cylinders of those nerves which 
convey impulses from the periphery toward the nervous centres. 



Fig. 217. 
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Sketch illustrating the composition of neurons. I, a neuron transmitting centrifugal 
impulses. II, a neuron receiving and transmitting centripetal impulses. Ill, a neuron, 
the function of which is supposed to be the distribution of impulses within the nerve- 
centre in which it is situated, a, ganglion-cell ; b, dendrite : c, teledendritcs ; d, neurite ; 
e, collaterals ; /, telcneurites. In II the body c represents some sensory organ imparting 
nervous impulses to the teledendritcs of a sensory nerve. The nervous filament 9 is a 
neurite, presumably derived from the sympathetic nervous system, leading to telencu- 
rites applied to a ganglion-cell, a, of a posterior spinal ganglion. The portion h of the 
"nerve" springing fh>m that cell is regarded as a portion of the cell itself. In the 
embryonic condition the dendrite and neurite both spring directly and separately trora 
the body of the cell, the portion h being a subsequent development, i, endothelial 
envelope surrounding the ganglion-cell. Ill represents a ganglion -eel I, apparently devoid 
of distinct dendrites, but having numerous pnx^esses that at first appear protoplasmic, 
but soon assume the characters of neurites. These cells are found in the retina and 
olfactory bulb, and have been termed spongioblasts, cellulas amacrinas, and parareticu- 
lar cells. It is thought that nervous stimuli are received directly by the cytoplasm of 
the cell, without the intermediaition of dendrites, x represents the omission of a portion 
of a fibre. The arrows indicate the directions taken by nervous impulses. 



centripetal stimuli, may be the dendrites connected with ganglion- 
cells in or near those centres ; e, g., in the posterior root-ganglia of 
the spinal nerves, or they may be the neurites springing from 
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i is exeniiilified in many, if not all, of 



peripheral gangliou-colla, 
the otitis of special st-nse. 

Z. THE SPINAL CORD. 

Tlie axis of the spinal cord is composeii of a column of gray 
matter containing niimei-ous ganglion-cells and nervous filaments 
held in position by a cement- substance, neuroglia-cells, the fibrous 
prolongation of the ependyma cells lining the central oanal, and a little 
fibrous tissue accompanying the vessels derived from the pia mater. 
Fifi, 'HI*. 
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TrsHsvene section of batnin uplnal 

BToups of gangliou-ccUi In tlie aalerfor horn ; d. cells iif Ihf laltral horn ; r. mirtdle 
group of cells: /. cells or Clarke's cnliiinn; g. cells of posLerlor horn; t.. c. ciMilnii canal; 
o, t, auterlor commluurB of white tnulter. 

In crosa-fiection this column of gray matter presents a transverse 
central portion, the gray commissure, near the middle of which is 
the central canal. At each side this gray commissure hlends with 
masses of gray matter, occupying nearly the centre of each lateral 
half of the cord and having a general crescentio form. The ends 
of these crescentic masses form the anterior and posterior comua 
of tlie gray matter, from which the anterior and jHwterior roots of 
the spinal nerves proceed. The anterior cornua are larger than the 
posterior and contain lat^r ganglion-cells. 

Surrounding the column of gray matter everywhere, except at 
the bottom of the posterior median fissure of the cord, and the 
interruptions formed by the nerve-roots in their exit from the gray 
matter, is a layer of white matter, formed of meduUated nerve- 
fibres running parallel with the axis of the cord and held together 
by ncurcjglia and delicate \-ascuIarized fibrous bands proceeding 
from the deep surface of the pia mater. 

The white matter of the cord has been divided into a number of 
columns, for the most part indistinguishable through structural dif- 
ferences, but each containing fibres that play similar functional rCles. 
These columns, with their names, are indicated in Figs. 218, 21&, 
and 220. The columns of Goll and Burdach, forming the posterior 
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ooliimn of the white matler, between the posterior cornua and the 
posterior mctlian fissure, conduct, for the most jiart, centripetal 
impulses. Impulses having the same upward direction are alao 
conveyed by the direct cerebellar tract and the tract of (lowers in 
the lateral column of the white matter. Centrifugal impulses, 
motor stimuli, are conveyed liy the tihrea in the direct pyramidal 
tract of tiie anterior column and by those of the crossed pyramidal 




Diagram of epliial sord. Uliutrating the auoclallnn* of lU varlooa aervoiu elamcnti. [B. j 
C^kI.) a. aullstenl froin Ooll'i tntt, eulertug into the fonoatlon nf the poilcrlor com- 
mlBsarc ; A, coDalerat lo the poalerlnr ham ; r, collntbral to thi! rannBtlo retlcalarii and 
Ihv sDtertoT horn : d, poateiior nerve nuurlle. wllh its collali ni1i : e. collateralii fivm the 
lateral column; /, collateral* to the anterior comrnlmurv; a. central canal : ft, neurtte In 
the crutaed pyramldat trad from the commlBBure-cell of the opposite alile ; '. Its coqne 
In (he commbunre: J, neurlte th>ni 8 Urge motor cell in the anterior bom t; I, cell of 
the anterior horn, giving off a nenrlto dividing Into an ascending and a dewvaillng 
hnnch (compare Fig. ZU. D}; n. com missu re-cell ; n.cell giving offa rollaleral Wltbtn 
the gray rnalter; o, neurite of the cell «. In Clarke"! column; p, neurile from the mar- 
glnBl cell I, of the eubitiincc of Rolando: i, cnm-secllon of an nxii>c;lini]oT (neurllel 
In ttic white aubaunce of Uiecord : r. dlviiilon of a tKelcrlor nerve-tllire (ncuriwtlnto 
ascendingsnd descending brancheai I, small cell in the subslanee of Rolando, Aside 
fWim the culls indicated in tliengurc.lhe gray matter contains some that give off neurile* 
which divide Into Iwo or Ihree branches while In the gray mati 
lodlflbrent columns of white matter. There are also cells with vi'17 ihon 
wblcb terminate In teleneurltcs within the gray unitlcr. and probubly df 
impnisea fornhort langitudinaldlBlaaceg. 



tract in the lateral cohimn. The tracts hitherto considered contain 
fibres that are continued into the higher nerve-centres of the brain 
and eercl>ellum, to or from which they convey nervous impulses. 
But tlie spinal cord la not merely a collection of such transmitting 
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fibres. It 18 also a nerve-centre of complex constitution, in which 
neurons terminate in teleneurites or arise in teledendrites. 

Some of the neurons within the cord are confined to its substance, 
and constitute nervous connections between the different parts at 
various levels. These may be termed longitudinal commissural 
neurons, or association-fibres. Portions of such neurons are repre- 
sented in the diagram of a cross-section of the cord (Fig. 221), 
which also contains representations of some of the neurites in the 
posterior spinal nerve-roots, with their collaterals ending in tele- 
neurites within the gray matter (d). On the right side of the figure, 
the nerve-cells, with their dendrites and the beginning of the neu- 
rites, are shown. On the left side the neurites connected w^ith cells 
at another level are shown, re-entering the gray matter, where they 
terminate in teleneurites. In studying this figure it must be borne 
in mind that the teledendrites of the neurons on the right are in 
close relations with the teleneurites of other neurons, and that the 
teleneurites represented on the left are in close relations with the 
teledendrites of other neurons. These association-neurons are, 
therefore, merely links in chains of communicating neurons. They 
are again represented in Fig. 224, D and E. 

Aside from these association-neurites, the gray matter of the 
cord receives innumerable collaterals from the neurites forming the 
axis-cylinders of the nerves in the various columns of the white 
matter. These collaterals terminate in teleneurites, which are in 
close relations with the teledendrites of the neurons arising in the 
cord. The distribution of these collaterals is represented in Fig. 
222. The collaterals from the anterior column enter the anterior 
horn of the gray matter, where they are chiefly distributed about 
the large ganglion-cells in the antero-lateral portion of its substance 
(Fig. 218, b; Fig. 221, J), but may also extend to other parts of 
the gray matter. The collaterals from the fibres in the lateral 
columns of the white matter are most numerous near the pos- 
terior horn, which they enter, many of them passing through the 
gray matter behind the central canal and forming a part of the 
posterior or gray commissure of the cord (Fig. 222, I). The col- 
laterals from the posterior column are divisible into four groups ; 
first, those which are given off in the lateral portion of that column 
(Fig. 222, G), and are distributed in the outer portion of the pos- 
terior horn and in the substance of Rolando (Fig. 222, I) ; second, 
those which end in Clarke's column (Fig. 222, J); third, those 
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aieb arise cliii?Sy in the coltmia of Goll, )«£« through tlie sub- 
stance of Itolaiiilo, and then form an expanding bundle disiribuiMl 
in the anterior horn of the gray matter, where they are in associa- 
tion with the dendrites of the motor cell:^ in that region (the^e 
librv>s form the reflex bundle of Kolliker, Fig. 222, H); fourth, 
collatcraU Bpringiug from fibres in the posterior column, pacing 




through the posterior eomminflure of gray matter and ending in the 
subwtanee of Rolando of the opposite side (Fij:- 222, D). 

The reflex rallaterals arifling in the i^sterior eoltimn are shown 
in Fig. 223, where their teleneurites are in close relations with the 
tele<lendrites of the motor w 

The centripetiil or sensor)' nenrites of the posterior spinal nerve- 
nmla spring from the gHnglion-cells of the spinal gjuiglia. When 
they have entered the white matter of the spinal eord they divide 
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into two branches (Fig. 221, r). One of these ascends in the white 
substance and the other descends. Both branches give off numer- 
ous collaterals, which penetrate the gray matter, ending in teleneu- 
rites associated with the teledendrites of the cells in both the ante- 
rior and the posterior horns, and the column of Clarke. The main 
branches of the sensory neiirite also enter the gray matter, after 
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Fig, Z3.— Diagram of the genso-motory reflex collaleraU In the cord. (B. y C^ftl.} a, gan. 
gllon-cell of the posterior nerve-rool ; b. divliloii of 1(1 neurits Into asc^eiKllng and de- 
BcendlngbrancheB: c. collaterals to anterior horn: d, terminal leleneurltes In the po>- 
terlor horn ; f, motor ceil of the anterior horn, with its proccSHO- 

Flg. 224.— I.ongiCudiDBl section cf a pBrt of the Hpinal cord. Ineludii^ b pcsterioi nerve-rout. 
Semi diagrammatic. (R. y Cajal ) ,1. posterior nerve-rool; S. while subslanco of the 
cord; 0, uray mailer; f.collaleral lelcneucUea in the gray matter; C Cell with a single 
Bscendlnf; neurlte : D, cell with blfUrcallDg neurile, terminating at Fand f ; E. cell with 
a ilDgle descending neurlte: F. O. terminal teluneurlleB; a\ collaleral tmm a branch 
of the posterior root-neurite ; (•', collateral from the main neurile before its bifurcation. 

following the posterior column for a short distance, and end in tele- 
neurites among the cells of the posterior horn and the substance of 
Rolando. The collaterals which pass to the anterior horns (Fig. 
222, H, and Fig. 223, c) liave to do with the origin of reflex cen- 
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trifugal impulses emanating from the motor cells in that r^on 
(Fig. 223, e, and Fig. 221, j). The further transmission of tliese 
centripetal stimuli toward the higher nerve-centres of the brain 
probably takes place : first, through the cells in the posterior horns, 
the neurites from which pass into the lateral columns and there 
ascend the cord ; second, through the cells of Clarke's column, 
which also send neurites into the lateral column, where they enter 
the direct cerebellar tract (Fig. 221, o ; see also Fig. 224). In 
addition to these centripetal or sensory neurites, the posterior nerve- 
roots contain a few centrifugal neurites. 
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In onlcr to undcnitand the origin of the anti-rior wjiinal nerve- 
roots we must tinit consider tiie course of the rt'ntrifufral neurites in 
the pyramidal tnictw (Figs. 218, 'IV.i, 220). Tht'se cnler tlie frray 
matter and end in telcneuritos, ^vhich are associated with tlie tele- 
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dendrites of the cells in the anterior horn, especially those which 
give off* neurites to the anterior roots of the spinal nerves (Fig. 
221,i). 

The foregoing details may be summarized by means of the accom- 
panying diagram (Fig. 225), in which the course of a nervous stim- 
ulus is traced from the organ of sense in, c. g.y the skin, to the 
cortex of the cerebrum, where it is translated into a nervous im- 
pulse, the course of which is traced to the motor plates of the vol- 
untary muscles. The reflex mechanism which might at the same time 
be set into operation is not represented in the diagram, but will be 
sufficiently obvious from an inspection of Fig. 223. It will be 
noticed in Fig. 225 that both the sensory stimulus and the motor 
impulse are obliged to pass through at least two neurons before they 
reach the ends of their journeys. But the nervous currents are by 
no means entirely confined to the course marked by the arrows. 
Impulses may be transmitted in an incalculable number of delicate 
tracts through the collaterals given off* from the neurites within the 
central nervous system, some of which are indicated in the diagram, 
and all of which end in teleneurites associated with the teledendrites 
of, perhaps, several neurons. One of these collateral tracts has 
already been considered, namely the senso-motory reflexes illus- 
trated in Fig. 223. 

n. THE OEBEBELLUM. 

The cerebellum is subdivided into a number of laminse by deep 
primary and shallow secondary fissures. The gray matter of the 
organ occupies the surfaces of these laminae, while their central por- 
tions are comix)sed of white matter. The gray matter may be 
divided into two layers : an external or superficial " molecular 
layer" and an inner "granular layer" (Figs. 226 and 227). 

The molecular layer contains two forms of nerve-cells : first, the 
large cells of Purkinje ; second, small stellate cells. 

The cells of Purkinje have large, oval, or pear-shaped bodies lying 
at the deep margin of the molecular layer. Their dendrites form 
an intricate arborescent system of branches extending peripherally 
to the surface of the gray matter, and give off innumerable small 
teledendrites throughout their course. All these branches lie in one 
place, perpendicular to the long axis of the lamina in which they 
are situated, and the teledendrites come into relations with certain 
longitudinal neurites springing from the cells of the granular layer. 
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to be presently describetl. The neimtes of the ccIIb of Piirkinje 
extend tbroiigh the granular la>er into the Hhiie matter and soon 
acqaire n)«liillary sheaths (fig 226, o), but before the) leave the 
granular layer thev give off mlUterals which re-anoend into the 
molecular layer, where their teleneuntes are in relations witli the 
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tcledendritcs of neighbdring ceils of Purkinje. These collaterals are 
believed to occasion a certain co-ordination in the action of those 
cells of Purkinje which are near each other. 

The stellate cells uf the molecular layer (Fig. 226, 6, *•) poa- 
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sess neuritcs, which lie in the same plane with the arborescent 
dendrites of the cells of Purkinje, and send collaterals to end in a 
basket-work of teleneurites applied to the bodies of the cells of 
Purkinje. The terminal teleneurites of these stellate cells also end 
in the same situation. Other smaller collaterals extend toward the 
surface of the cerebellar lamina. 

The granular layer of the gray matter also contains two varieties 
of nerve-cells : the " small stellate cells," which are most numerous, 
and the " large stellate cells." 

Fro. 227. 
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The small stellate cells (Fig. 226, g, and Fig. 227, a) are scat^ 
tered throughout the granular layer, and it is owing to the abun- 
dance of their nuclei that this layer has received that name. Their 
dendrites are few in number and short, but their neurites are very 
long. They extend perpendicularly into the molecular layer, where 
they bifurcate, the branches lying parallel with the axis of the 
cerebellar lamina and its surface. These fibres appear to run the 
whole length of the lamina, and to come in contact with the tele- 
dendrites of the cells of Purkinje, to the planes of which they run 
perpendicularly. They are thought to coordinate the action of a 
long series of the cells of Purkinje. 
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Tbe large stellate cells of the granular lajer lie near ila external 
margin, whence they send their dendrites into'a laige area of the 
molecular layer, while their neurites are distributed in the granular 
layer, where they must come into relations with the dendrites of the 
small stellate cells (Fig. 226,/). 

The distribution of the cells and their processes in the cerebellum 
indicates a very complex interchange of nervous impulses and an 
extraordinarv coordination in the action of the various neurons. 

This complication is still further increased by the presence of 
centripetal neurites, which enter the cerebellum through the white 
matter and are distributed in the gray matter. These are of two 
sorts: first, neurites which penetrate the granular layer and are 
distributed among the proximal dendrites of the cells of Purkinje 
(Fig. 226, n) ; second, neurites, called ^^ moss " fibres, which are dis- 
tributed among the cells of the granular layer. The teleneurites of 
these fibres have a mossy appearance, whence the name (Fig. 226, A). 
The origin of these centripetal neurites is not knoMm, but it is sur- 
mised that the '^ moss " fibres may enter the cerebellum throu^ the 
direct cerebellar tracts of the cord. 

m. THE OEBEBBUM. 

The gray matter of the cerebral cortex has been divided into four 
layers : first, an external molecular layer ; second, the layer of 
small pyramidal cells; third, the layer of large pyramidal cells; 
and, fourth, an internal layer of irregular or stellate cells. Of 
these layers?, the second and third are not clearly distinguishable 
from each other (Fig. 228). 

The molec*ular layer contains three sorts of nerve-cells, two of 
which are closely rflatcnl to each other, differing only in the form 
of the coU-lKxlies, which are small in both varieties (Fig. 229, J, 
By and (') ; while the cell-lxKlies of the third variety are large and 
polygonal (Fi^. 229, Z>). The small cells (.1, B, C, Fig. 229) pos- 
sess two or threij tapering processes, which at first resemble proto- 
plasmic processes, but soon assume the characters of neurites or axis- 
cylinders. These neurons, then, resemble the type depicted in Fig. 
217, III. Their neurites run parallel to the surface of the convo- 
lution in which they are situated, sending off* numerous perpen- 
dicular collatcnils, and finally end in teleneurites within the molec- 
ular layer. The collateral and terminal teleneurites are prolwbly 
in relations with the dendrites of the pyramidal cells of the under- 
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FiQ. 228. 



lying layers, which form arborescent expansions in the molecular 
layer, similar to those of the cells of Furkinje in the cerebellum, 
extending to the surface of the gray matter. 

The large stellate cells of the molecular layer (Fig. 229, D) send 
their dendrites in various directions into 
the molecular layer and the layer of 
small pyramidal cells lying beneatli it. 
The neurite is distributed in the molec- 
ular and upper portions of the under- 
lying layers, but is never extended into 
the white matter. The dendrites of these 
cells come into relations witli the neurites 
of the other cells of this layer and with 
those that proceed upward from some of 
the cells in the deeper layers. 

The small spindle- and stellate cells 
{A, B, C, Fig. 229) are considered to be 
the autochthonous cells of the cerebral 
cortex — i. e., the cells of the brain in 
which the highest order of nervous im- 
pulses find their origin. The small 
spindle-shaped cells, with their peculiar 
nenrites, are extremely abundant and 
fill the molecular layer with a mass 
of interwoven 61ament9. 
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cerebral gray matter are characterized 
by the presence of pyramidal nerve- 
cells of various sizes, the smaller being 
relatively more abundant in the second 
layer and the larger in the third layer. From the apex of the pyram- 
idal cell a stout, " primordial " dendrite passes vertically into the 
molecular layer, where, as well as during its course to the molecular 
layer, it gives off numerous branches, and finally ends in a brush of 
teledendrites extending to the surface of the gray matter (Fig. 230, 
A,B). Otherand shorter dendrites are given off from the body of the 
cell, which ramify and end in the second, third, or fourth layer of the 
gray matter. The nenrites from the bases of the pyramidal cells pass 
vertically downward into the white substance, where they may 
bifurcate, giving axis-cylinders to two nerve-fibres. While within 
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the gray matter, and after their entrance into the white matter, 
these neurites give off collaterals, which branch and end in terminal 
bulbous expansions without breaking up into a set of teleneurites. 

The irregular cells of the fourth layer (Fig. 230, C, D) do not 
send their dendrites into the molecular layer, but distribute them 
within the deeper layers of the gray matter. Their neurities, like 
those of the pyramidal cells, enter the white matter, where tliey 
may or may not bifurcate. 

Besides the cells in the deeper layers of the gray matter hitherto 
described, those layers contain cells with short neurites, which are 
divisible into two classes : first, spindle-shaped or stellate cells, 
sending their neurites into the molecular layer (Fig. 231, c) or into 
the second layer of the gray matter (Fig. 231, 6) ; second, poly- 
morphic cells with radiating dendrites and copiously branching 
neurites, both of which are distributed within a short distance of the 
cell. These cells are believed to distribute nervous impulses to the 
neurons in their vicinity. 

The gray matter of the cortex also receives centripetal neurites 
from the white matter, which give off numerous collaterals and ter- 
minate in the molecular layer. 

The white matter of the cerebrum contains fibres that may be 
divided into four groups : first, centrifugal or " projection " fibres ; 
second, " commissure-fibres,*' which bring the two sides of the brain 
into coordination (these lie in the corpus callosum and in the ante- 
rior commissure) ; third, " association-fibres," which coordinate the 
different regions of the cerebral cortex on the same side ; fourth, 
centripetal fibres, reaching the cortex from the peripheral nervous 
system or cord. 

The centrifugal or projection-fibres arise from all parts of the 
cortex, springing from the pyramidal and, perhaps, also from the 
irregular cells. Many of these fibres give off a collateral, which 
passes into the corpus callosum, to be distributed in the cortex of 
the opposite side, commissural collaterals, and then pass on to the 
corpus striatum, to the gray matter of which further collaterals 
may be given off, after which the main neurite probably passes into 
the pyramidal tracts of the cord through the cerebral crus (Fig. 
232, a). 

The commissure-fibres (Fig. 232, 6, c) also arise from the pyram- 
idal cells of the cortex, mostly from the smaller variety, and pass 
into the corpus callosum or the anterior commissure, to be dis- 
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tributed in the gray matter of the cortex of the opposite hemisphere, 
but not neceeparily to the corresponding region. These commissuTal 
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fibrcs give off collaterals, which also end in the gray matter, and 
are accompanied by collaterals from the centrifugal fibres, which 
likewise end iu, and scud collaterals to, the gray matter. 




■ialion-flbri'S of the cerebrum. (R. y Cajal.l The llKure 

sailillal i>e(-tli>n tliri>uch uiiv of thv ccrvbrsl liemisiihercB 

te gIvliiK ofT cllHleruls to. aiul cn<1lni; in. llii- eray matter flflhe same side; h. a Hlmllar 

sll ; c, et'll n Itli a bratiehini: tiriiritt' iHUultig li> dlfltrunt |iarta of the heniinphcrc ; d. 



The origin, course, and (general di.Htribution of the association- 
fibres are indicated in Fijj. 233. They arc so numerous that they 
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form the great bulk of the white substance, where they are inex- 
tricably interwoven with the other fibres there present. 

Besides the centripetal neurites of the association and commissural 
neurons, their collaterals and those of the projection-fibres, the gray 
matter of the cortex receives terminal neurites from larger fibres 
that are probably derived from the cerebellum and cord (Fig. 230, 
E), These give off numerous collaterals and teleneurites, which are 
distributed to the small pyramidal cells of the second layer, and 
probably also penetrate into the molecular layer, where they end in 
numerous teleneurites among the cells of that layer. 

In the diagrammatic figure 230 the probable course of nervous 
stimuli to and from the cerebral cortex is indicated. The possi- 
bilities of transmission within a structure of such marvellous com- 
plexity are incalculable. 

The above structural details of the central nervous system are 
chiefly taken from the publications of Ramon y Cajal. They are 
the result of researches carried on by the application of the methods 
devised by Golgi to the nervous structures of the lower vertebrates 
and embryos. Such details cannot be observed when specimens 
have been hardened and stained by methods used for the study of 
other structures. In such specimens the nuclei of the nerve-cells 
and those of the neuroglia are stained and become prominent. But 
the multitude of nervous filaments lying between the cells and the 
processes of the neuroglia-cells are not differentiated, but appear 
as an indefinite, finely granular material, in which the cell-bodies 
apparently lie. Where the cells are sparse or small, as in the first 
layer of the cerebral gray matter, the tissue appears finely molecu- 
lar. Where the cells are numerous but small, their stained nuclei 
give the tissue a granular appearance, as, for example, in the second 
layer of the cerebellar cortex. 

The brain and spinal cord are invested by a membrane of areolar 
tissue, called the "pia mater." Extensions of this areolar tissue 
penetrate the substance of the cord and brain, giving support to 
bloodvessels and their accompanying lymphatics. This areolar 
tissue also extends into the ventricles of the brain, where it receives 
an external covering of epithelium continuous with that lining the 
ventricles, which is ciliated. Externally, the areolar tissue is con- 
densed to form a thin superficial layer. 



CHAPTER XIX. 

THE ORGANS OF THE SPECIAL SENSES. 

1. Touch. — The nervous filaments distributed among the cells 
of stratified epithelium have already been depicted in Fig. 93. 
Similar filamcnte occur in the human epidermis, and it is probable 
that some of them are the teledendrites of spinal ganglion-cells, 
while others are centrifugal teleneurites subserving the functions 
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of nutrition, etc., or the telodendrons of neurons belonging to other 
than the spinal system of iier\'es. > 

Besides tIio.se nervous terminations the skin |)os.sosfies certain 
bodies, which are called "tactile corpuscles" and "Pacinian bodies." 
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These are situated in the corium, the former lying in some of the 
papillse projecting into the rete mucosum. 

The tactile corpuscles are of two forms, diflfering slightly from 
each other in structure : first, those of Meissner, and, second, those 
of Krause. 

The tactile corpuscles of Meissner. (Fig. 234) consist of a group 
of epithelial cells closely associated with the teledendrites of a 
nerve-fibre. The cells are closely comjiacted together to form an 
ellipsoid body. The nervous dendrite, with its medullary sheath, 
enters this body at one of its ends, and, after making one or two 
spiral turns around the mass of epithelial cells, loses its medullary 
sheath and breaks up into a number of teledendrons, which are dis- 
tributed among the epithelial cells. The neurilemma and the 
endoneurium of the fibre are continued over the corpuscle, consti- 
tuting a species of capsule. 

The tactile corpuscles of Krause (Fig. 235) possess a capsule 
composed of delicate fibrous tissue, covered and lined with endo- 
thelial cells. The dendrite of the nerve-fibre loses its medullary 
sheath upon penetrating this capsule, and then breaks up into tele- 
dendrites. that form a complex tangle within the cavity of the cor- 
puscle. There appear to be no cells among the teledendrites, the 
interstices being occupied by lymph. These corpuscles are espe- 
cially abundant in the conjunct! vse and the edges of the eyelids, 
but occur also in the lip, large intestine, posterior surface of the 
epiglottis, and the glans penis and clitoris. They may receive 
dendrites from more than one nerve. Those of Meissner are found 
throughout the skin, being most abundant where the tactile sense is 
most acute. 

The Pacinian corpuscles (Fig. 236) are large oval bodies, com- 
posed of a number of concentric cellular lamellae, surrounding a 
central, almost cylindrical cavity, and covered externally with a 
layer of endothelioid cells, which apj)ear to be continuous with the 
delicate endoneurium of the fibre. The latter enters the corpuscle 
at one of its ends, soon loses its medullary sheath, and is finally 
subdivided into a number of teledendrites within the central cavity. 

The "genital corpuscles" which are found in the glans of the 
penis and that of the clitoris are similar in structure to the Pacinian 
corpuscles, but the lamellar envelope of the latter is here reduced to 
one or two ill-developed lamellse. 

The nervous impulses inaugurated in the tactile and Pacinian 
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corpuscles are probably transmitted to the sensorium in the n 
indicated in Fig. 225. 

Pacinian corpnscleti are found in the palms and soles, on the 
nerves of the joints and periosteum, in the pericardium, and in the 
pancreas. 

2. Taste. — The Kpeciai organs of taste appear to be the taste- 
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buds, situated in the walla of the sulci surrounding the circum- 
vallate papilla of the tongue (see Fig. 109). 

The taste-l>u(ls are bulb-8hai)ed groups of epithelial and nervous 
cells, situated within the stratified epithelium lining the .sulci. The 
cells composing these buds are spindle-shaped or tapering, and their 
ends ai'e groupwl together at the base of the bud and eonvei^ at 
its apex, where they occupy a "pore" in the stratifie<l ejtitholium. 
The epithelial cells do not apjH'ar to be active in the inaugnmtion 
of nervous impulses, but the more spiiidle-shaix-d cells lying among 
them seem to be endowed with nervous functions. They may, pos- 
sibly, 1k' regariled as (>eeuliar neurons ; their distal processes, whieh 
receive stimuli at the ]muv, lieing the dendrite, while the pniximal 
pnipcss is the netirite. The latter divides into a number of minute 
branches, whieli, fmm tiiis ]i<)int of view, might be reg-.irdcd as tele- 
neurites. Be this as it mav, these branches come into close relations 
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with the teledendrites of nerve-fibres supplied to the taste-bud 
(Fig. 237), The stratified epithelium surrounding the taste-buds, 
as elsewhere, contains teledendrites from sensory nerves. 

3. Smell. — The olfactory oi^n occupies a small area at the top 
of the nasal vault, and extends for a short distance upon the sep- 
tum and external wall. Its exposed surface is about equal to that 
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of a five-cent piece. It is a modified portion of the mucous mem- 
brane of the nose, which may be divided into this, the olfactory 
portion, and the general or respiratory portion. 

The respiratory portion of the nasal mucous membrane is co%'ered 
witli a -stmtifiod, columnar, ciliated epithelium, with occasional 
mucigenous goblet-cells, resting upon a basement- membrane. Be- 
neath this is the memlirana propria, resembling that of the small 
intestine in being rich in lymphadenoid tissue, which may, here and 
there, be condensed into solitary follicles. Beneath the niembrana 
propria is a richly vascularized submucous areolar tissue, containing 
compound tubular glands, the glands of Bowman, which open upon 
the surface of the mucous membrane. These glands secrete both 
mucus and a serous fluid. 

In the olfactory region the columnar epithelial cells are devoid of 
cilia, but possess a thin cuticle, and the epithelium rests directly 
upon the lymphadenoid tissue, without the intermediation of a base- 
ment-membrane (Fig. 238), Between these epithelial cells are the 
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Flo. 240. 




they terminate in teleneiiritps wilhin little globular structures, called 
the " glomeruli of the bulb." 
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Tho iilfiictory bulb may be divided into five layers; first, the 
layer of peripheral nerves, contiiiniDg the neuritis of tlie olfactory 
nerve ; eecond, the layer containing the olfactory glomeruli ; third, 
the molecular layer ; fourth, the layer of the mitral cells ; fillh, the 
granular layer. 

The first layer is, as already stated, occupied by thu neurites from 
the nervous cells in the olfactory mucous membrane. These neurites 
coustitnte the axis-cylinders of the olfactory nerve. 

The glomcnili of the second layer are small globular masses 
formed by the closely associated teleneurites of the olfactory nerves 
and teledendrites from the mitral cells of the fourth layer, the den- 
drites from which pass througli the tliird or molecular layer. A 
few cells of neurogliar nature may be associated with these nervous 
terminations, but the chief mass of each glomerulus is composed of 
interwoven teleneurites and teledendrites. 

The third, or molecular, layer contains small spindle-shaped 
nerve-cells, which send dendrites to the gloraendi of the second 
layer and neurites into the granular (fifth) layer, where they turn 
and take a ceiitrii>etal direction towani the cerebrum. 

The fourth layer is characterized by the presence of lai^ tri- 
angular nerve-cells, the mitml cells, the dendrites from which pass 
through the molecular layer, to end in teledendrites within the 
glomeruli. A single mitral cell sends dendrites to more than one 
glomerulus. The neurites from these cells pass, centripetally, to 
the olfactory centre of the cerebrum. 

The fifth, granular, layer contains the centripetal neurites of the 
mitral cells, and also centrifugal neurites from the cerebrum. The 
latter are distributed in teleneurites within the granular lavfir 
itself. This layer also contains small polygonal nerve-cells of two 
sorts: first, cells resembling those of the thin! type represented in 
Fig, 217, the processes from which are distributed in the granular 
and molecular layers. They are pnibably association-ccIlH. Second, 
cells (Fig. 241) with dendrites in the grunnlar layer and teleneurites 
in the molecular layer. These cells would distribute irapulsea re- 
ceived from the centrifugal fibres, which end in the granular layer, 
among the teledendrites in the molecular layer. 

The sense of smell, then, is arouseil by stimulations of the distal 
ends of the nervous cells in the olfactory mucous membrane (Fig. 
241), which arc transmitted to the glomeruli, where they leave the 
first neuron, being communiciited to the second, represented by the 
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mitral cells and their processes, by wliich they are conveyed to the 
cerebral cortex. In its passage through this tract numerous collate 
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eral and association-tracts may be influenced i 
plicated to be readily followed. 




Diagram of thu dlitrlhutlon of the aud 

arustlca. (NIemaek.) The bodlet of the hiir^celli are dotted. Between then 

celln of Hellers, ihc nuclei of which are shown below the hair-cella. The nervoua flla- 

menta are dlitrlbuted betweeo these cells. 

4. Hearing. — The acoustic nervous apparatus resembles somewhat 
that which subserves the sense of touch. The receptive portion consists 
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of a hiytr of epUhflium contaiuiog two sorts of colls : first, ciliated 
oella, which are somewhat flask-shaped and ure called "hair-tiells"; 
second, epithelial cells, the " cells of Deiters," which surround &nd 
enclose the hair-cclls, except at their free ends, and reach the snr- 
facG of the miicons mciubrane, where their euds are cutJcularized. 
These cells of Deiters extend from the surface of the membrane to 
the bnsenient-menibrane, while the hair-cells extend only for a por- 
tion of that distance. 

The dendrites of the auditory nerve are distributed among these 
cells, but arc not in oi^nic onion with them (Fig. 242). In this 
respect the auditory apparatus diffei-s from the olfactory and rescm- 
bies the tactile. The nervous dendrites are processes of bipolar 
ganglion-cells sitnated in the ganglia on the branches of the andit^try 
nerve. The ncurites from those cells presnmably carry the nervous 
stimuli to the cerebniui. The bipolar cells are, therefore, analc^us 
to the posterior root ganglion-cells of the spinal ner\e.'i. Whether 
this single neuron carries the nervous stimulus directly to the cere- 
bral cortex cannot be stated, but It is probable that there ia an intei^ 
mediate neuron in the tract of transmission, jierhaps in the medulla 
oblongata. 

6. Sight. — The receptive nervous oi^an of vision is the retina. 
This has an extremely complicated structure, which may be divided 
into the following nine layers : 

1. The layer of pigmented epithelium, which lies next to the 
choroid coat of the eye, and is, therefore, the most deeply situated 
coat of the retina ; 2, the layer of rods and cones ; 3, the external 
limiting membrane ; 4, the outer granular layer ; 5, the outer molec- 
ular layer; 6, the inner granular layer; 7, the inner molecular 
layer ; 8, the ganglionic layer ; 9, the layer of nerve-fibres. 

Internal to the ninth layer is the internal limiting membrane, 
which sejHimtes the retinal structures from the vitreous humor 
occupying the cavity of the eyeball. The general character and 
associations of these layers are shown in Fig. 243. 

1. The layer of pigmented epithelium is made up of hexagonal 
cells, which are separated from each other by a homogeneous 
cement and form a single continuous layer ujMtn the external sur- 
face of the retina. They are in contact with the rods and cones 
of the next layer, and send filamentous prolongations between those 
structures. The pigment lies within these filamentous processes 
and the portion of cytoplasm continuous with them, but its position 
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varira with tlie fimcliomil activities of the ui^an. When the eye 
has been exposed to fight the pigment is found lying deeply Vietweea 
the roda. When the eye has been at rest for some time the pigment 
is retracted in greater or less degree within the body of the cell. 

2. The rods and eones are the terminal atrui-tures of cells which 
extend from the fifth layer to the first. The nuclei of those cells 




ir the retina. (KalUiiB.) I., plRmeDted epithelial layer: II., layer of the rods and 
, III., external llmlllng membrane; IV,, nutergranular layer; V„ (nitormoli-cnlar 
luyer: VI.. inner granular layer: VII., inner molecular layer: Vlll., gatigllonle layer: 
.yerof aerre-flbrps. i. plgiDCnled epithelial cell*: c, al the boltum of the external 
li(iiltitiKiui>iiibrBne,n>dii: A. cune oells : c-A, eangUon-cellB of the iilxtb layer connecting 
Iho fourth layer with the eighth : i, horimntal eeil SEndlns a pruceu Into the Heveulh 
layer; t^, " ipungloblasts," or neurooi of the third type (Hg. 21T|; r^v, gHnBllon-celll 
of the eighth layer: z, suutentacuUr cell of IfOlIer, with atrlated upper end forming 
apart of the external limiting membrane: V. V, nuuroglla-ccllB. It should be bamo In 
mlud thut In Kccllona of the reUna ntimcroua elements of the varloua iiirtB here rep- 
resented are crowded together to form a compact Ibwiue. The centrifugal fibres nhleh 
reach the retina from the cerebrum ore omitted IWmi till* diagram. They are dlgtrlbnted 
In the Inner granular or »l» til layer, "thi- light en lerlng the eye pMsei through the layet* 
represented In the lower part of this figure tKfuro It can alTeet the rods sod c<ines. 

lie within the fourth laver, to which they give a granular appear- 
ance (Fig. 243). 

3. The externa! limiting membrane is formed by the cnticularized 
outer ends of certain sustentacnlar epithelial cellaj the "cells of 
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Muller " (Fig. 243, x), which extend from this layer to the in- 
ternal limiting membrane and serve to support the various elements 
of the retina. The nuclei of these cells lie in the seventh layer, to 
the granular character of which they contribute. The portion of 
the cell which lies in the fourth layer of the retina is indented 
with numerous oval depressions receiving the nuclei of the cells 
carrying the rods and cones, which they both support and isolate 
from each other. The filamentous cell-bodies of those elements 
are also separated by the cells of Muller. In the sixth and seventh 
layers delicate processes from these cells serve a similar purpose, 
and in the eighth layer their deep extremities fork to give support 
to the ganglion-cells. Beyond the ninth layer the ends of these 
forks expand and come in contact with each other at their edges 
to form the " internal limiting membrane." 

4. The fourth, or outer granular layer contains, as already stated, 
the nuclei and elongated bodies of the cells that carry the rods and 
cones of the second layer. The bodies of the former are almost 
filamentous in character, but expand to enclose the oval nucleus, 
which lies at various depths in different cells. The cell-body 
expands again near the external limiting membrane, through which 
it passes to form the rod. At the other end the filamentous cell- 
body terminates in a minute knob in the fifth layer of the retina. 
The cells which form the cones have nuclei lying near the external 
limiting membrane and cylindrical bodies terminating in a brush 
of filaments in the fifth laver. 

5. The outer molecular layer, also called the " outer plexiform 
layer," owes its appearance to a multitude of filaments, ])art of which 
have been described as the terminations of the cells bearing the rods 
and cones, the rest being the terminations of nerve-processes spring- 
ing from the cells of the sixth layer. 

(). The sixth layer has a granular appearance, because of the 
presence within it of the cells of a great number of short neurons. 
These are of two sorts: first, those belonging to the first type, rep- 
resented in Fi<r. -17, which have dendrites in relation in the fifth 
layer with the tilanients of the cells bearing the rods and cones, and 
nenrites that eonu* into relation in the seventh lav(»r with the den- 
drites of ganglion-eells ]yin<r in the (»ighth layer; second, neurons 
of the thinl type, shown in Fitr. 217, which, in this situation 
have b(»en called " spont^iol)lnsts.'^ These, whieli we may regard 
as association-neurons, form two groups : first, those which send 
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processes into the fifth layer ; and, second, those which send their 
processes into the seventh layer ; but, aside from the neurons in- 
cluded in these two groups, there are certain cells (Fig. 243, i) 
which send processes into both the fifth and the seventh layers. 

7. The seventh, inner molecular or " inner plexiform " layer owes 
its dehcate structure to the fact that it is here that the leleneurites of 
the cells in the sixth layer come into relations with the teledendrites 
of the ganglion-cells of the eighth layer. 

8. The eighth layer contains those ganglion-cells whose teleden- 
drites receive impressions from the teleneurites derived from the 
sixth layer, and send their neurites into the optic nerve. These 
ueurites form the chief constituent of the ninth layer of the retina. 

It will be observed in Fig. 243 that the basal expansions of the 
cells bearing the cones are mostly in relation with the teledendrites 
of a single neuron of the sixth layer, and that this neuron is, again, 
in close relations with the teledendrites of but one ganglion-cell of 
the eighth layer. This arrangement would not favor a diffusion of 

Era. 244. 
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the impressions inaugurated in the cones. The arrangement is quite 
different in the case of the cells bearing the rods. 

The probable course of nervous impressions to and from the 
retinal elements is represented in Fig. 244. 



PART II. 

HISTOLOGY OF THE MORBID 

PROCESSES. 



CHAPTER XX. 

DEGENERATIONS AND INFILTRATIONS. 

As the result of disturbances In the Internal economy of the cell, 
a variety of changes, called degenerations or infiltrations, are occa- 
sioned, some of which are accompanied by visible alterations in the 
structure of the cell or of the intercellular substances. We are so 
ignorant of the exact nature of the normal processes carried on by 
the cell that it is impossible for us to furnish an explanation of most 
of these changes due to abnormal conditions. We can only describe 
and group the results according to their apparent likenesses until 
such time as an increased knowledge permits a more enlightened 
conception of their significance. 

The degenerations are changes in which one of the results is the 
conversion of a part of the normal structure into some other sub- 
stance. They imply a loss on the part of the tissue-elements suffer- 
ing the change. 

The infiltrations are departures from the normal in that material 
from without is deposited either within or between the tissue-ele- 
ments in an abnormal form or degree. They imply a gain of 
material, but not necessarily an advantageous gain, on the part of 
the tissues affected. 

Such general statements of an obscure subject must inevitably be 
vague. They are largely based upon theoretical considerations, and 
it becomes difficult in many cases to decide definitely whether a 
given condition is due to degenerative changes or is the result of 
infiltration, or whether both processes may not have contributed 
toward producing the abnormal appearances which are observed. 

265 
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It must be borne in mind that changes which are morbid in a 
given jiart of the body may be included in perfectly normal proc- 
e:?!?es carried on in other parts, and are, therefore, not beyond the 
pale of possible normal cellular activity. In fact, most of the 
morbid processes observed find parallels in the physiologicaLactiv- 
ities of some |K)rtion of the body. 

In bone, for example, it is a pathological condition when the 
intercellular substance fails to be impregnated with earthly salts ; 
but if such salts are deposited in the somewhat similar fibrous inter- 
cellular substance of the closely related tissue forming a ligament, 
the process is then morbid. The two tissues are closely related in 
structure and are built up by cells having a common, not very remote, 
ancestry : yet the uses the cells made of the materials brought to 
them are, to us, very different, and, as yet, inexplicable. 

Nor do we know much concerning the way in which, or the 
extent to which, normal conditions must be mollified in order to 
iXH^sion visible morbid changes in the tissues. We do know that 
am^n'tttlv very slight alterations in those conditions may cause pro- 
&HUh) lissuo-ohang^"'** «s is exemplified in the cachexia following 
^xtin^tH^ *>f the thyroid gland (see p. 183). The amount of 
tbvt\>ivi ^^"^n^tuHi ullotted to individual cells of the body must be 
;»httxy^^ ^Yifi«m^iWHK but its importance is strikingly demonstrated 
'^»K« rV A-Jls ^ro deprived of that supply. 

tt i^V^ ^>*^'' ^v hJiX'^' «< I*""*^^ ^" inkling of how slight an abnormal 

x'i<\sr*»%Nt tiv\v vnflitv tx> work profound alterations in the cellular 

X^Vn, thctH^foiY, we meet with evidences of a marked 

i .^.vv.,^s ^' -V wvvss^^s within the cells of a tissue, or of their 

o;*^-"'^- ^^A.;>xv, >\v m^nl fi*^'l »o surprise if an exi>lanation of 

..-vivA^ni- iho«^ morbid manifestations is incomplete 

. ^,^, ^w^ «^ ¥^t^ Degenerations. — Those two forms of 
V .v>^-»x **^:> ,iv^HMated with each other, and have so 
A^> *K X w:iv well be considered together. They 
V > -V |v^ivuehymatous organs, such as the 
,4s^ -.kvrv^uig glands, the heart and other 






^.v^iN^\>»»tMUHis/* degenenition results in a 
i ^* :n*^>jt^^l granulation of their cytoplasm, 
v.. :.v.>;tv^v when acted upon by weak neids 
^,wvxi ^* 5k* v^f albuminoid nature. They 
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are formed at the exiiense of the cytoplasm, or, at any rate, tlie 
cytuplaam disappears as they accumulate. 

If tlie change be only moderate in degree, it is possible for the 
cell to return to its normal condition. The granules then disap- 
pear, the cell recovers its original size, and there is no trace of the 
morbid condition left. But the degeneration may l)e Um extensive 
to permit of recovery. The cell then suffers disintegration ; the 
granules become more abundant, the normal cytoplat 
Fie. 245. 



jKTW- 









•8 






i^v^i?".-*' 



''4, t_ -.*■ 









Parenchj-maloiu nciibritlg 
Ing epitliellum of wbjrh 
■Qd Iheir bodJca tilled w 
disintegnited that Ih« n 



volutcd tubulel slniltBr y ■.IK 
low, nnsffECted cplthelinm II 
of the iDlenUl ■! t[paiic In Ihe 
jatt abOTu Ihe Une e Section 



nuclei of Hhich nln n d pb ru nd-ccU Innilnitloil 
diihbarhooil nf a Malplghlan body tl edge of which la 
itnlncd wltti hsmutuiylin and eoaln 

and the nucleus falls into fragments (" karyolysis "), the whole cell 
being reduced to a granular debris exhibiting no evidence of organ- 
ization (Fig. 245). 
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In ftitty <K'gPiK!ration the procesis is siaiilar to that already 
ili-HorilM'd Hi! Utkiog place in albuminoid degeneration; but hero 
tlio ulbiiniinoicl granules are replaced by globules of fat. Theses 
vary in size from mere granulea of minute dimensions to distinct 
({IoIhiIvs uf coni^iderable diameter (Fig. 246). The fut is left 

Fio. 348. 
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iiiirliiiii)fe<l ii)Kiii treatment with weak acids or alkalies, and is 
Nllilliml u dark hniwn or black by solutions of OHmic aeid (liee Fig. 
1NI|)| ri'iii'liiiiiH which dtt«tinguish fatty from albiuninuid granules. 
'I'hi'y iili'i Oii'tliiTiniire, diiisolved by ether or strong alcohol, which 
li'iiM' iilbiihiiimld granules undissolved. In specinieurt which have 
biii>n hiu'ili'iK'd ill aloohol the fat is removed from the cells, which 
lliin imnliiin liltli' clear h]hi(h's in which the fat was situated in the 
IVc-h eiindilion i>f tlic Itwuex. This removal of the fat is likely 
III III' hIIII iiiiui' |ii<rlii't if the hjH-cimen has been embeddi-d in cel- 
luliliii, Hiihitloii.. of which contain ether. 

Alliiliiiliiuid ili-Kenentlion otwiirs in acut« diseases, such as the 
(DtiinlhiiHUilH, typlioid fi'Ver, septicemia, etc., which are all char- 
Uiilt'rJKcd \iy liivcr. It alwii iK'curs in mses of damage to the tissues, 
tiiBiitltitii<u( inuii['dluli-Iy to kill the cells, but great enough to induce 
ilillmuiimtioii. llcitiilNe of this fretpicut association with inflam- 
umtury nhuiiifCH In olher tissue-elements albuminoid degeneration 
liuii Ikkii leriui'd "ncnie parenchymatous inflammation," The dam- 
ujpi may bu ihu runnlt of sonic externally applied injury, or it may be 
(Hwinlouod by n Kuddeii diminution, but not complete arrest, of the 
mitni'ut Bn|iply ; r. ;/., by the ineomiilcle plugging of a bloodvessel 
by lU) euibiiluet. Albittuinoid degeneration may also be the result 
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of toxic conditions that aiv am aoompanied by rii«G of tempera- 
ture. 

In all the for^>ing <af«e the (sirirte iif of an acute nutiin', acting 
rapidly on the celU. If that ainion be mrMlerate in degree and |>er- 
siatent, the albuminoid df^n^^ration \at^» into fatty dcp-neration. 
Hence the latter has been naWml "clintiii*; |K»pe»cliyniatouM inflaui- 
madon." 

But fctty degenerati'tn ij- iurt alwavH prtx^-flHl by albuminoid 
degeneration. It L-- found widely dUtributt^l in tJie wllw of the 
body in amemia (Fi^. 24Tj, leui»;Diia, aiwl phtluKm, and in many 



■.-..t IT.. I^df.r:. ■./«,. Rxvf «r. t,«irl7, If l.'K 4'Jlte. 
■nth mtliiiu. bit] »rt i.-< r»i*™«i"»^ 

toxic condition^ tliat ai»? of a -tjl*s»"ut^r or 'rliro«i<r f-liara/-(*T. In a 
more localized fonn it follow- th'/Mr diw-aw-. i.f ihir \Ai^A\f-<^\>! 
which interfrrf; with a (lonnally aburflant ^'J(i[<ly <tt \A'^A Ui tl»^ 
parte in whi'-h th*ry sd- di-tribut**]. Ji afi^^ttr^, nisaiu. Jn part^ tli«; 
functional ai^ivity of wbi'h i- Hiarkflly Iwr-n'^-i wiih'iut a 'wm— 
tipondii^ inei*a-*' in tb»- (nj»ri'-ni »opj*ly. For i-xatnpl". in ^t^n**-!- 
(»f an orifit* of tl»»; tii^rt, wtjcn <-xira work i- thrown oh rli^ <3iHiac 
muscle and th»r nutri'-nt •^'ij'l'ly i- in'ufli'ri'-wt to jx-miit of hyj^r- 
trrtphy, iJj*- mn-i-I.— all. -uff-r falty ' I. v""" nil I'm, and tin- "jb^- 
qoent weakTiinjf 'rf !•- *hI\' r""tU* in dila'atioii of tliat jiani'-ijlar 
ca\-ity whi'-h i- .T.b>*-/W •/, th.- diffi'Nlt ta-k of .ir/iic tl,.- K!'y>I 
tbroi^ til'; narr'.w'-'J orifi"-. 

If we examiri^ thcrf- -afl',-!* ''^f.di'ioti' wi'h » vi«w to •U-^'-m'::j- 
ii^ their eff"*-*- uj^.n •(.' "il', ■«'■ 'hall fiu'l thai tf>"y fia-.i- -.o^ 
commrfn tfraVin-. 'ii-'n '■' "• ■•'■i of lium a J.v t •-(' trala!!"*- f.t^w**3 
■the ontrient -'Jpi*;;. -A »t,.'l, 'K- 'a)I^ -im a.ail thi-n.- J-.*- tad 
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the conBuiiiption of materiul made necessary by the work required 
of tliem. 

Under these circumataiices the cells appeur, first, to utilize the 
food-materials which they already contain as an accumulated stock 
(raetaplasm) ; but when these are exhausted they are forced to draw 
upon those materials which exist as a part of their own or^nizcd 
atriictnre, if they are to muintaiD their functional activities. They 
thus sacrifice the integrity of that structure in order to do the work 
that has been assigned to them in the or^nizatiim of the whole body. 

Now, there is a difl'erence in the immediate availability of the 
various (^lasses of foods. The carbohydrates appear to be the most 
susceptible of rapid utilization ; the proteids come next, and the 
fats last. We may imagine, then, that in a sudden emei^ney the 
cells will first coU{>ume the greater part of their store of carbo- 
hydrates, then the proteids, and lastly the fets. If the condition 
be an acute one, so that a part of the otganized pixiteids are utilized 
us food, this utilization is not complete, but the proteids are split 
up into a portion that can be must readily oxidized and turned to 
aecount, and a residual ])urtiun, which appears in granular form 
within the cytoplasm. 

We may also imagine that, in its efforts to obtain adequate 
nourishment, the cell imbibes an excessive amount of fluid from 
its surrouudings. 

If the adverse circumstances arc extreme, the nucleus is also 
overworked and relatively starved, and suflcrs in its integrity 
(karjolysis). When the nucleus is destroyed, or when there is no 
longer sufficient cytoplasm to aid it in its assimilative function, a 
recovery of the cell becomes impossible. 

Let us now consider how this conception of albuminoid d^en- 
eration may serve to explain its occurrence in the various conditions 
in which it is found. 

In fevers the rise of temperature is evidenee of an increased 
motiibolism within the body — i. c, the cells of the body are more 
active in bringing about chemical changes. The amount of urea 
eliminated from the body is also increased, showing that those 
chemical changes involve an additional consumption of proteids. 

In febrile conditions, then, the cells are unusually active and con- 
sume an increased amount of proteids. Let us next inquire what con- 
ditions exist which are likely to interfere with their nutrient supply. 

The source of all nourishment, which is not gaseous, being the 
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food taken into the system, it is evident that any condition inter- 
fering with digestion and absorption must influence the general 
nutrient supply. In fevers the glands of the alimentary tract, as 
well as the cells of other organs, are affected with albuminoid 
degeneration. Their secretions are diminished or altered, the diges- 
tion arrested in greater or less degree, and the appetite lost or per- 
verted. For these reasons the diet must be adjusted, not only to the 
needs of the patient, but also 'to his powers of digestion. But this 
state is established only after the degenerative changes have been 
inaugurated, and does not explain the way in which they start. 

If we bear in mind that the febrile condition is the result of a 
toxic state of the blood and nutrient fluids, and that the poisons 
present are probably obnoxious to the cells, we shall find no dif- 
ficulty in understanding that the cells might reject a nutrient supply 
80 vitiated. Where we can observe the action of cells, we know 
that they are repelled by certain substances, and it appears reason- 
able to suppose that cells which we cannot directly study during 
life possess similar powers of rejection. If this view be correct, 
the very condition which induces fever would also interfere with 
the proper nutrition of the cells. 

The caujijation of fever, according to this argument, is to be 
sought in the toxic condition of the blood and other nutrient fluids, 
the poisons disturbing the action of the therm o-regulating mechan- 
ism of the nervous system and also interfering with the nutrition 
of the cells of the body. As soon as fever begins, its influence 
upon the cells is to stimulate their activities, for we know that a 
moderate elevation of temperature causes an increased metabolism 
in those cells that we can study while alive. It is, consequently, 
not necessary that a direct functional demand should l)ear upon 
the cells in order that the chemical changes within them be aug- 
mented. The rise of temperature is sufficient to account for 
increased metabolism, which, in turn, implies a liberation of heat, 
and, therefore, an aggravation of the morbid condition. The 
increase of noxious waste-products of cellular activity, which enter 
the circulating fluids, may also add to its toxicity. 

But, in addition to this thermal cause of increased metabolism, 
the toxaemia throws extra work upon those cells that are charged 
with the function of maintaining the quality of the blood or lymph. 
The kidney contains such cells, and is one of the organs most likely 
to l>e severely affected with albuminoid degeneration (acute paren- 
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chyraatoiis nephritis, Fig. 245). The spleen and Ijmpliatic glands 
are also exposwl to an increased functional demand, and respond in 
an increase of their active tissues, which may pa?s into degener- 
ative conditions if the task be greater than they are alile to cope 
with successfully. 

In the other conditionH in which albuminoid degeneration is 
found the factors determining its cassation appear less complicated 
than in the fevers. Many of the acute inflammatory processes are 
accompanied by a rise of temperature, due to the absorption of 
piiisons from the seat of llie inflammation, and then the degenera- 
tion will be more widely distributed tlian in tliose cases in which 
the general reaction is less marked or entirely absent. But the 
ti&8Lie!4 immediately involved in the inflammatory process will suffer 
in their nutrition, whether toxcemia be present or not, and in certain 
of them the result will be a degeneration, while in others it will be 
necrosis or death. In the cstse of albuminoid degeneration follow- 
ing incomplete embolism the explanation is even simpler ; for here 
the nutrition is directly reduced by the mechanical effect of a partial 
I'lugging of a bloodvessel. 

In all the cases in which albuminoid degeneration occurs in a 
comparatively pure form the cause is an acute one — i. e., the cells 
are called upon to meet a sudden change of condition in their 
aetivities and nutrition : the former being, as a rule, increased ; the 
latter, pn>hubly always diminished. 

The explanation which can be offered of the way in which fatty 
degeneration is brought about is very similar to that already given 
for albuminoid degeneration. 

In fatty degeneration the emergency which the cells have to meet 
is less sudden than in albuminoid degeneration. The adverse con- 
ditions to which they are subjected are more slowly developed, 
though not necessarily less serious. The cells appear to be able to 
accommodate themselves to a considerable extent to the abnormal 
circumstances, but eventually their jwwers of metabolism arc dis- 
turbed and they are incapable of utilizing the less readily available 
food-materials. When the organized proteids are then drawn upon 
their nitrogen appears t« l>e completely used, so that no residual 
albuminoid substances are deposited in granular form, but a rem- 
nant of the cytoplasm, free from nitrogen and taking the form of 
fat, the least readily oxidized form of food, is left. If, now, the 
cells continue to ajtprojinate and utilize albuminoid food-material, 
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this fatty residue would accumulate within the cytoplasm. Fatty 
foods would, of course, be little, if at all, utilized. 

This leads to the inference that one of the chief features in the 
disturbed metabolism of the cell is an inability to bring about the 
complete oxidations that normally take plaxje in the cytoplasm, and 
when we examine the conditions in which fatty degeneration occurs 
we notice that a group of them are such as would involve a dimin- 
ished amount of oxygen in the blood. This is manifest in cases of 
anaemia, advanced phthisis, and poisoning with carbonic oxide, which 
destroys the respiratory value of the haemoglobin. 

In the subacute and chronic toxic conditions — e. g,, such cases of 
poisoning by phosphorus or arsenic in which the patient survives 
for a considerable time — the blood probably contains a sufficiently 
abundant supply of oxygen for the needs of the tissues. But intra- 
cellular respiration is a complicated process ; not a simple and direct 
burning of substances occasioned by their immediate conversion into 
fully oxidized compounds when brought into relations with free 
oxygen. The food-materials are split up within the cell into com- 
pounds of simpler constitution, some of which receive a sufficient 
amount of oxygen, from the original material of which they are 
derivatives, to satisfy their affinities, and are, therefore, stable; 
while others are organic substances in a chemically reduced state, 
which unite with the free oxygen that may be accessible. The oxi- 
dation is not caused by the. presence of free oxygen, but is an inci- 
dent in the chemical changes carried on by the cell. 

In the toxic conditions leading to fatty degeneration this intra- 
cellular oxidation is probably interfered with through the action of 
the poisons upon the cytoplasm, and, as a result, the least easily 
oxidizable substance, fat, remains as an unutilized residue. The 
poisons at the same time probably interfere with the nutrition of the 
cell, which draws upon its organized proteids for a supply of nitro- 
gen, leaving again a remnant of unavailable fat. 

It is easily comprehensible that relative overwork may have the 
same effect upon the cell as relative innutrition. The fatty degen- 
eration of the heart-muscle as the result of stenosis or of valvular 
insufficiency at one of its orifices would, therefore, be explained as 
an example of a lack of balance between the supply and consump- 
tion of food in the economy of the canliac cells. Relative overwork 
of the heart is also one of the effects of marked anaemia. The 
anaemic condition involves a diminished supply of oxygen, from 
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which the heart, as well as the other tissues, sutfers. But the 
demand for ox^-gen on the part of tlie general economy requires an 
acceleration of the circulation ; this throws estra work upon a 
relatively starvotl heart. 

It 18 evident, from the foregoing considerations, that albuminoid 
and fatty degenerations must be very common conditions in the cells 
of the body. Their close etiological similarity makes it obvious, 
also, that they mnst very frequently be associated with each other, 
either in the same cell or in different cells of the same organ. The 
fact that fatty degeneration is often a sequel of albuminoid degen- 
eration may be explained as the result of a toxic or other condition, 
which has been sudden in its onset, but has declined in intensity 
with the lapse of time. Or it may be possible that the cells are 
able gradually to adapt themselvea, in a measure, to the new con- 
ditions under which they must do their work, and that tliey become 
able to utilize more completely the foods they receive ; leaving a 
fatty, instead of an albuminoid, residue. 

Fatty deg:cneration, like albuminoid d^eneration, may lead to a 
total destruelion of the cell, leaving the fatty globules free, or 
recovery may take place on the suhsidenec of the cause. 

2, Cheesy degeneration is a term applied to an association of 
albuminoid and fatty degenerations with necrosis, in which the 
detritus of the tissues forms a dr)' material, somewhat resembling 
the softer varieties of cheese. Under the microscope this cheesy 
material has a finely granular appearance, with here and there small 
fragments of nuclear chromoplasm which still retain their atlinity for 
nuclear dyes. 

.3. Fatty Infiltration. — Essentially different from fatty degenera- 
tion is an aiTumulation of fat in cells as the result of their over- 
feeding. It may be due to an excessive reception of fat by the 
cells, but this is not necessarily the case, A supply of any form 
of ftwd that is in considenible excess of the needs of the body may 
result in a fatty infiltration of its <«lls, for fat is the least readily 
consumed variety of food, and where the other varieties are in 
great abundance it may be guarded against destruction and remain 
in the tissues. Furthermore, a part of the excess of other food- 
materialu may be converted into fat within the cells and be retained 
by them. 

Fatty intiltration is a normal condition of many cells. Those 
which form the characteristic element in adipose tissue (Fig. 65) arc 
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connective-tissue cells that have undergone extensive fatty infiltra- 
tion. A transitory fatty infiltration is also normal in the cells of 
the liver (Fig. 248). 

Fig. 248. 




Cells fi-oiii the human liver, normal. (Orth.) a, cells free from fot. The Isolated cell to the 
right contains two nuclei and three or four granules of pigment. The three lower cells, 
b, are infiltrated with globules of fat. It will be noticed that those three cells contain as 
much cytoplasm as the two contiguous cells, a. This is taken as an indication that the 
fat is superadded to the cytoplasm, and has not been produced at the expense of part of 
the organized substance of the cell. This does not imply that the fat was necessarily 
taken into the cell as such^ for it may have been produced within the cell from food-mate- 
rials ; but it has not been produced at a sacrifice of the organized materials forming an 
essential part of the living cell. 

The globules of fat form a part of the metaplasm of the cells in 
which they are situated ; t. 6., they do not constitute an integral 
part of the cytoplasm, but lie within it, leaving it intact, unless the 
accumulation is so great that the functions of the cell are interfered 
with. Then the cytoplasm may suffer atrophy and its usefulness be 
diminished. 

It is not possible to lay down any practical rule for distinguishing 
between fatty infiltration and fatty degeneration when cells are 
examined under the microscope, beyond the general statement that 
in degeneration there is a corresponding destruction of the cyto- 
plasm as the fat accumulates. In fatty infiltration the globules of 
fat are rather more apt to coalesce with each other than in fatty 
degeneration, so that the globules appear larger. This is not in- 
variably the case, however, the behavior of the fat in this respect 
differing in different kinds of cell. 

4. Qlycogenic Infiltration. — This is a condition analogous to fatty 
infiltration, but the stored excess of food-material in this case be- 
longs to the class of carbohydrates. The condition is found in the 
cells of the convoluted renal tubules in cases of diabetes mellitus, 
sometimes in the leucocytes in inflammatory foci, and occasionally 
in the cells of tumors where the functional activities of the cells 
are in abeyance and only their formative powers call for a consump- 
tion of food. 
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aegeneratioQ. Scriius iDfiltratioii, more or less complicated with 
albuminoid degeneration, also occurs in itiflammatioue when the 
serous conatitnent of the exudate is prominent. 

6. Hucous Degeneration. — 'I'his lorm of degeneration has its nor- 
mal analiigUL' in tlie elaboration of mucnt^ Viy the epithelial cells 
covering many of the mucous membranes or lining mucous glande. 




vicuoUtliHi or atrlated mtucle. (VoUniBni).) The cpeclmen la from the r 

muaclerrom a L-aau of typhoid fever. Thecroas-aectionsof themnarle-nhresronlalnapMea 
within the wintnictile Bubstiince, which are flllLil wllhn clear, flutil eerom, Theflbrea 
aolnflltratedarclargerthnD those containing no lUfhTacuolei. ThecailllesBre, therefure, 
not produced at llic expenee of the CDntraelllii BUbstance. Between the flbree la the In- 
(ermiucular, vaaculaiiied fibroua tiaaue, forming lliu InteratltUI llaeue of the tuuaim- 

But the elaboration of mucin ia not confined to epithelium. It may 
be produced by the cells of the connective tissues, apjiearing among 
the intercellular substances. This is most marked in mncoup tissue, 
where the general character of the tissue is determined by the 
mucus in the intercellular substance. There is also a comparatively 
email amount of mucus in other forms of connective tissue, esi)e- 
cially in the fibrous varieties. 

Under morbid conditions, which we are notable exactly to define, 
this production of mucus is increased. In epithelial and other cells 
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its prodiictiou may involve a destruction of the cytopiasm, which 
appears tu be sacriticcKl. A similar tranarormation or replacemcDt 
of the normal intercellular mibstancea may also occur in the connec- 
tive tissues, such as bone, cartiliige, fat, or fibrous tisane, which then 
contain more than the normal proportion of mucin. This propor- 
tion maybe so great as to alter the physical properties of the tissue. 
In these cases the cells may undei^ mucous degeneration, or they 
may ultimately euifer a fatty degeneration. It is a question to what 
extent the cells are active in the substitution of mucous for the usual 
interccUnlur substances, the manner in which it is produced being 
as yet undetermined. 

The mucus is a clear, viscid fluid, which appears to be a mixture 
of various substances containing either mucin or psendomuciit. 
These substances are precipitated by alcohol, so that in hardened 
specimens the mncus becomes gruuular or is streaked with linear 
congnla. Htematoxylin usually stains the whole mass a faint blue; 
the graunles and streaks a little more inlensely than the clearer por- 
tions. This stiiining serves to distinguish the mucus from a serous 
fluid, which ia also made granular by the coagulating influence of 
alcohol upon the albnmin it contjiins. 

Mucous degeneration of the epilhclia is a frequent accompani- 
ment of inflammation of the mucous membranes, where it appears to 
be due to an excessive stimulation of the functional activities of the 
cells. A similar raucous degeneratioD of epithelial wUs is also vcr\- 
common in tumors; c g,, tlie cystomata of the ovary and colloid 
cancer. 

7. Colloid Degeneration. — This is a form of degeneration in which 
the subrttjinw of celln is converted into a clear, homogeneous, gelat- 
inous material of greater consistency tlian mucus, and, unlike the 
latter, is not precipitatetl by alcohol, so that in hardened specimens 
it n-tains its homogeneous appearance. 

The production of colloid seems to be normal in the thyroid 
gland after the attainment of a certain age. In this situation the 
colloid material is formed in the cells of the alveoli and then dis- 
chai^d into their luniina, where it forms a m.iss that may com- 
pletely fill its ca\-ity (Fig. \hA); but the colls of the thyroid not 
infrequently sufibr destruction in the elalwnition of the colloid 
material, so that even here the process partakes of a degenerative 
character. 

The material forming the hyaline easts in various kinds of 
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nephritis appears to be colloid elaborated by the cells lining the 
renal tubules, but those casts may not alu'ays owe their origin to this 
form of degeneration. 




Hfallne degeneration. (Ernst.) 

Fig. 3.>l.— Hyaline degeneralloii of cells In the ohDruld pleiui. In this cms the hrallna 
DiBlerlal Bppean to be derived rrom the cyldplssm of the cpUb. the process conslltiiUiig 
a true degeneratlOD. Transitional condttlons rrom the unchanged cells la inaeKeii of 
byallne wltboul tracei of cellular structure are f.iunil In the specimen. 

Fig. 252.— Hyaline degeneration of Ibe capillary walla In a paammoma of the dura mater. 
Here the endotbelial lining of the capillaries la intact, the hrsUue material being out- 
side of It. This disposition of the hyaline would lead to the Inference that In this case 
it was the result of IntlltratEon. 

It is probable that the composition of colloid in not ahvays the 
^arac. It is identified by the facts that it is a clear,' structureless 
substance, derived from cells and not presenting the characteristics 
of mucus. The causes and mode of its prodnctioa are unknown. 
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8. Hyaline Degeneration. — Tliiti term is used to designate the 
occurrence of a material similar to colloid, which appears chiefly in 
the intercellular etibstances or in the interstices of the tissiieti, and Is 
appanntly not immediately derived from the sultstance of cells. It 
is a question whetlier it should, in such cases, be regarded as a 
degeneration — i. c, the result of a transformation of pre-existent 
normal structures — or whether it ia not a form of infiltratioD, the 
material being simply deposited between the normal structures, 
which may atrophy and disappear in consetjuence of its presence. 
Its most common site is beneath the endothelial linings of the 
bloodvessels, where it forms a homogeneous layer, greatly thicken- 
ing the vascular wall and often causing a narrowing of the lumen 
of the vessel (Figs. 251 and 252). It may also affect the fibrous 
tissues, replacing the intercellular substances with hyaline material, 
made up of an agglomeration of little masses, or appearing quite 
homt^eneoiiB, The cells of the tissue? gradually undergo atrophy 
and disappear, but do not seem in most cases to suffer a transforma- 
tion into hyaline substance. In some instances, however, the cyto- 
plasm of the cells appears to undergo a hyaline transformation 
(Fig. 251). 

A hyaline transformation sometimes afTects thn>mbi, which lose 
their fibrinous character and become homogeneous. 

Hyaline material may take a faint bluish tint when ti-cated with 
hsematoxyliu, or it may remain colorless. 

Various attempts have been made to define more clearly the con- 
ceptions of colloid and hyaline substances, and to distinguish them 
by racansi of reactions with different staining-flnids. These attempta 
have not led to satisfactory results, probably because the colloid 
and hyaline substances are mi.\tiires of various chemical compounds ; 
iht' whole subject awiiits furtlier investigation. 

0. Keratoid Degeneration. — This form of degeneration is a trans- 
formation of the cytoplasm into a substance called keratin, which 
gives to horu, the nails, etc., their peculiar character. It is nor- 
mally produced in the epidermis, where this degenerative process is 
not patholt^ical. The transformation ajipenrs to involve the pre- 
liminary formation of a substance willed eleidin (Fig. ITS), the 
chemical nature of which is unknown, which snb,sc<iiiently changes 
into keratin. These two substances may be distinguinhcd by the 
fecta that eleidin is deeply stained by carmine and not by fucliMii, 
while keratin is readily stained by the latter dye. 
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The cells in the epithelial pearls of epitheliomata often undergo 
these degenerative changes, producing large ujaases of eleidin or 
keratin. The change in these cases may be couyidcred as due to 
a retention of this normal tendency by the epidermal epithelium 
under the abnormal conditions in which it is placed in the tumor. 
In those cases of metaplasia in which columnar epithelium becomes 
converted into the stratified variety the susceptibility to keratoid 
degeneration is an acquiretl chunicter, columnar epithelium under 
normal conditions never suifering this change. 

10. Amyloid Infiltration. — The change iu the tissues known by 
this name, or that of amyloid degeneration, has many resemblances 
to hyaline degeneration (or i nil It ration). Amyloid differs, however, 
from the hyaline substances in being recognizable by means of a 
number of characteristic reactions, although tliey vary considerably 
Fro. 2S3, 




Amyloid InflltralloD In the Uvcj 



MpiUary, axT- 
fiissol ; b, umyliiid subslniiL-e immediately 
of the hepsUu poreuuiiyma, some or wblcb 



in sharpness in different cases, and give rise to the suspicion that 
the amyloid substance is not always of constant chemical composi- 
tion, or that it may be transformed into other substances of similar 
physical and optical |iroperties. 

Amyloid is a nitrt^uous material, which is stJiined a dark brown 
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by atiiieoiis soliitionri of iodine, while the normal tissues acquire a 
yellow color. Under the microscope the brown color has a marked 
reddish tinge. Solutions of methyl-violet give amyloid a red color 
and stain the rest of the tissues blue cjr bluish- violet. It is upon 
these reactions, and not upon the optical appearance of the material 
when unstained, that the recc^nition of amyloid depends. 

Its most frequent situation is in the walls of the smaller blood- 
vessels, where it lies in the deejier layers of the intima or in the 
muscular coat. It may also be deposited around the endothelial 
walls of the capillaries {Fig, 263). 

Amyloid infiltration occiu% in syphilis, advanced tuberculosis 
(especially of bone), long-continuod suppuration, and similar condi- 
tions in which there is profound cachexia. It evidently de|>end8 
upon conditions of marked malnutrition or chronic tosic conditions, 
and it is lielieved that its occurrence depends uixin the inability of 
the tissue-cells to utilize the proteids that are present in the inter- 
stitial serum. These are thought to accnmnlatc and gradually be- 
come transformed into amyloid. The deposition of amyloid, accord- 
ing to this hyjjothesis, would depend primarily upon a lack of power 
to assimilate proteids on the part of tlie cells. 

The presence of amyloid between the cellular elements of tlie 
ti;*pue interferes with their nutrition, and they sufi'er atrophy. 

11. Calcareous Infiltration (Figs. 254 and 255). — There apjtears to 
be a marke<^l affinity between necrosed tissues, or tissues of low vital- 
ity, and the salts of lime that are found in the circulating fluids of 
the body, which leads to a. deposit of the latter within those tis- 
anes. The cheesy material that results from tubercular or other proc- 
esses is prone to this form of infiltration. Cicatricial tissue, when 
abundant and poorly nourished, may also be the seat of lime-deposits. 
Similar deposits arc sometimes associated with those of urates in the 
inflammatory nodules of low vitality that characterize gout. Bits 
of organic or other foreign matter that are exposed to fluids contain- 
ing salts of lime are liable to become encrusted with a coating of cal- 
careous material. This is the origin of many renal and other calculi 
and of the vein-stones that form around small thrombi of occasiotial 
occurrence where the circulation is verj- slu^sh ; c. g., in the 
venous plexust'S within the pelvis, or liehind the valves that occur 
in the course of most of the veins. Calcification of cartilage is also 
common after the individual has attained a certain age. Tumors 
in wliich the tissues are of low vitality or have degenerated are 
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also liable to calcareous Infiltration. That infiltration appwirs, 
then, to be always secondary to sooie morbid process lowering tlie 
vitality of the tissues. 

Calcareous infiltration may serve as a type of tufiltmtioue with 
other materials, such as urates and of the formation of com retions 
for example, gall-stonea These and 
other concretions contain a nucleus of 
ot^nic or other nature, upon which 
the ^Its are deposited from their solu- 
tions vert- niiicb as stif^ir cr)stJilliZG3 
upon threads suspended in a syrup 

12. Degeneratioii of Nerves ^If a 
nerve-fibre be severed from its ctmiiee- 
tion with the- gang lion-cell of which it 
is a process, it Hiitftrs disintegration 
The medullary sheath breaks up into 
11 number of globulir mi-'we-s which 
are subdivided and e\eDtuallv ab 
sorbed. The axia-cjlinder becomes 
tiwollen, granular, and also disappear- 
If the ganglion-cell retains its \ il i!it^ ' 





Fl|;. ^,>1.— rnlcareoDS InflUnttlan orrennl glDmartill, ■econrlury la bytlino degienerttlon Of 
the cspllUTr walli. oblitentlon of Ibu vaicular lumen, and deMh of the Usiiae. The 
glomeruluB to the left ihows ■ aligbl gnmiilar deposit of cslcareoaa materlnl la thB 
hjallno Klomerulua. The flgnra to the right ahowa the organlo baiu almost completely 
Dberured by Mlcsreoiu Emnulea. (Rlbbeit.) 

FlS' :£>IS.— Calcareoua InHltratlou of tlie cardiac muicle, (Lftngdrhana.) a, degenerated car- 
diac muscle ; ft. mnaculai niiree imprtRTiHted with time-salta. The ■peclmen wu taken 
from a case of chroole lead-polinnlng. The cells which are the aeat of the calcaieoui 
[ontlrallon miiat have been dead for a ronalderable time befoni the deaih of ll>o Indl- 



it may regenerate the nerve by the development of a new process. 
If, however, the ganglion-i^ll has been destroyed, regeneration does 
not take place. This exemplifies the statement, made in the chapter 
on the cell, that portions of cells which were devoid of a nucleus 
could not continue thwr existence. 
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ATROPHY. 



Atrophy is a diminution in the size of a part, due to a deficient 
nutrition of its constituents, wiiicli is neither so rapid nor so destruc- 
tive as to cause necrotic, degenerative, or inflamtnatory changes. 
The tissue-elements appear comparatively normal under the micro- 
Bcope, but are either all or in part diminished in size. This dimi- 
nution in size is frequently accompanied by an increased depth of the 
usual coloring of the tissue-elements, or with the appearance of 
granules of pigment {Fig. 256). 




I 



The cause of atrophy may operate almost directly upon the cells 
involved, or it may indirectly influence the nutrition of the cells 
tliniugh lesions in tlie circulatory or nervous system, or flirough an 
interference with the processes of general nutrition maintaining the 
whole body, 

1. Functional Atropbr- — It appears to be a general principle gov- 
erning living organisms that functional activity, within a certain 
normal range, is necessary to the maintenance of the normal nutri- 
tion of a part. When the required degree of functional activity 
is not called forth, the nutrition of the part suffers and it undergoes 
atrophy. Panilyzed muscles lose their normal size through innutri- 
tion following their disuse. Secreting glands may also suffer atrophy 
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when there is no longer an adequate call for their functional activ- 
ities, 

Thi8 form of atrophy is probably attributable in nonic measure 
to a diminished flow of blood to the part, for in health, when the 
functional activity of an organ is called into play, there is an in- 
creased volume of blood conveyed to that oT^n. But this element 
in the innutrition does not account for the whole process. The 
intracellular mctaboliHrn also falls below the normal level, and this 
appears to reduce the state of nutrition of the cellular constituents. 

2. Pressnre-atTOphr (Figs, 257 and 25H). — When a prt is sub- 
jected to niodenite but constant, or oft-repeated pressure, it imder- 
goes atrophy through a disturbance in its nutrition. This may be 




Section from ancmphysemHioa* lurid. (Rlhbcrt.t The pulmonary alyenllarecnlttixed; their 
tt«ll« are stretched niul thtrnifl ; »trophle<l btpause of rcp*al«d excesiivB »lr-prei«ure 
wUhIn the alvcult. In more uitrenu; rnsos of einphy<em« the atrophy of Ihe alveolar 
walla may lead to their total Ji-simctioii In plar™, so that the cavitle* of neighboring 
alveoli eommunicate. (Compare »iih Hg. IM.) 

partly due to a direct influence exerted hy the pressure upon the 
processes carried cm in the cells of the tissue, but it is probable that 
interference with the cireiilatinn, including the lymph-currents, lias 
a greater influence in bringing about the lack of nourishment. Ex- 
amples of this form of atrophy arc furnishe<] by cases in which a 
contracting cicatricial tissue is formed U-tween the ]iarcnchvmatnus 
cells of an oigan,as the n-wult of a chronic interstitial inflammation. 
Those cells then undei^ atniphy and may eventually dis:ippcar (Fig. 
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288). In passive hypenemia of the liver the cells situated around Hie 
central veins of the lobules sufTer atrophy. Thia ia due in part to 
the pressure exerted upon theni^ in part to au interruption of the 
lymphatic circulation, and in part to the fact that the blood reaches 
them last in its course through the organ and is probably leas richly 
provided with oxygen and other nutritive materials than when it 




Lobule of the liver, ahoving atrophy fmm chroolc puilve coDEatlon. (Blbbert.} In Ihe 
centre Is the ccnlnl vein, wltb allKbll; tblckencd wolli. tiumiuDding thli are the di- 
lated caplUarlei, Ibrmlng the InCralubaUr venela. between vhlch are tbe atrophic Uver- 
cella contolnlag pigment. ThEi pigment fa probably of biliary origin- Tbe preiwure 
upon the celli must Interfere with the dlecharge of the bile through the bllE-caplllarlea 
(FIgB. 137 and 128), and lead to an accumulatloD of Its conitltuenta within the cetla. 
where the plgmeot coUecla. 

passed through the other parts of the vascular system within the 
liver. The capillaries are enlarged around the central vein; the 
hepatic cells between them are diminished in size and pigmented 
(Fig. 258). 

The growth of tumors may exert a pressure upon neighboring 
parts, causing their atrophy, the explanation of which is similar to 
that of atrophy of the liver as the result of pasxive hypersemia. 
Pre!*s»re upon a tixsno does not iilwaya, however, occasion atrophy. 
If the function of a psirt l>e to ri'sist presfuro, an increase of press- 
ure may lead to hypertrophy, provided the nutrient supply be 
sufficient. Thus pn'ssure upon the walls of a bhiodvessel may 
cause them to increii^ in tliickuosi<. 

Aside fniui the two fnrnis nln-iKly mt'iitioned, atrophy may be the 
result of a diminution in tiio luitritive supply: local, as the result 
of (lisease in the vessels of u piirt ; general, when all the vcssel.-J are 
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affected with disease, or when the general nutrition of the body is 
reduced. Both these causes operate in the general condition known 
as " senile atrophy." 

More obscure forms of atrophy are those which appear to be 
occasioned by lesions of trophic nerves, or are caused by toxic con- 
ditions ; €, g,y lead-poisoi-iijg. 



CHAPTER XXII. 

HYPERTROPHY AND HYPERPLASIA. 

By hypertn>phy is meant an increase in the size of the elements 
i\»ini>06>ing a tissue ; by hyperplasia^ an increase in their number. 
[UM\ i\>nditions usually lead to an enlargement of the organ in 
which they are found, but this is not necessarily the case, for all the 
clouionts in the organ need not participate in the increase ; some 
niav diminish in bulk. 

1. Functional Hypertrophy. — This process, like that of functional 
atn>pliy, dejHnids upon the activity of the part undergoing the 
changt\ In this wise the parenchyma of the part is increased to 
nuvt a pnidually increasing demand for the work it is fitted to 
IHM'form. This inon»ase may take the form of hypertrophy or that 
of hy|H*r|>lasia. The muscular tissues meet the demand by an 
iucn^ast* in the size of the muscle-cells. This is illustrated in the 
hv|HMin^phy of the heart in valvular lesions, which throw extra 
work u|M)n the muscle ; in the enlargement of the uterus during 
p^station, fitting it for the strong contractions during labor; and 
in the oiilargi»mont of the voluntarj' muscles by exercise. 

In frh^iidular orgjins an additional demand for work results in 
liy|M'r|>Iasia, in which the epithelial cells of the parenchyma multi- 
ply ( KijL'. 2:)!>). 

I<^^notional liy|H»rtri>pliy, or hyperplasia, takes place only under 
iH»rtain tavonible conditions. The demand for extra functional 
aotivitv must not 1h» ttH) gn*at, otherwise degenerative changes 
en^iur. The same ivsult would follow were the nutritive supply 
invnllioirnt to nuvt tlio loss of material and force sustained by 
the eelU in tloiuir the ineivast^d work. It is evident, then, that 
the eontlitiou «HH»asioninir the hypertrophy or hyperplasia must 
»leveh»p irmiliinllw anti not interfere with the supply of nutrition. 
Tht^ natuiv of the tissue also influences the result In gcneml, it 
nun l»e stattMl that tissues of hiirh specialization are less cajKiblc of 
rither hv|M iMi*ophv or hy|HTplasia than those lew special izcnl, and 
that h,v|Mrtiophy i< the rule in tissues of higher function, while 
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hyperplasia is more common in those of lower function, where the 
formative powers of the cells are less in abeyance. 

Compensatory hypertrophy is a term applied to functional 
hypertrophy or hyperplasia following the destrtiction of an oi^n or 
part of an organ. This leads to an increase of the work demanded of 
other parts capable of performing the function normally carried on 
by the part destroyed, or capable of as.sisting the function that has 



'^&^ 

Necrosis of pirt of an hepntle lobula. (v, Ueliter.1 a. necrosed cells, the nuclei of which 
have lort their afflnily tor dyes ; h, hypenrophlc calls with large nuclei ; e. delrftus of 
bloud-corpuscica in the capillarlea. Section taken eighteen hnun aner removal of a por- 
tion of the liver In a rabbit. The seclion Is taken at the margin between that tissue 
which Is atlteted with necrosis and that whicli retains life, but Is stimulated to prolifera- 
tion by [he irritative effects of the amputation. Attcr a while the hypertrophled epithe- 
lial cells will divide by karyoklnealsanil attempt a restitution ofthe lost tissae— a species 
of compensatory hyperplasia. 

suffered diminution. Thus, disease of one kidney may indirectly 
occasion hypertrophy of the other kidney, or, more properly, hyper- 
plasia of its functional epithelium, or chronic interstitial nephntis 
affecting both kidneys may lead to hypertrophy of the heart by 
throwing more labor upon that organ in order that the remaining 
renal parenchyma may perform the work demanded of the kidneys. 
In like manner the auxiliary muscles of respiration may become 
hypertrophic in cases of embarrassed respiration.' 

Functional hypertrophy may also find expression among the oon- 

' Attention has alreadv been called to the hypertrophies of the hypophysis and 

pArathyroiib in cases of thjrroidectom.v or diaesM of the thyroid gland (see p. 191). 
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f»^E»4^ lA iu fiiirsfiiFal prr^f^TUes. 1b 

UttS^l tiauB IB iImm; vik>it!i& BkoeMcar BTfr k^ l^^Ut?' ^Tvclaped. 

A venr fiifniiiair iDiiai&Ur^ of AmctioaBl hyp a p lB aa k 
br iIm: <4ub fif iIm: pftlma. Mjinail bbM- dot k U b U m al 
B tiwrlKfliBi^ cif tbt epd^rffmi^ due to kjrpevplBsia ; 
vork cauiaefe dBioag*: kading u> inthmrrdtioOy bli5iiH& 

2. DevdopflMBtal Ifjfiilniihf, — Hypertrophy of b part 
ally Bri«^&»« vitfaoat a»igiiBbIe cBuae sod appBmitly as b mere wofmoady 
in deveb/poKrDt. S«icfa •<nictDR« Bs boms and vaits are examples 
of tfai* form of hypertn^iby. vhicfa are not readOy sqAiated from 
tlie fHTtMip of grriwth.s calkd tomon?. UTien the growth is limiml 
bikI not projrreviave it may in mo^ cases be attributed to this fbmi 
of hypertrr>phy ; when af^iareotly onlimited, progresave, and atrp- 
ir:al in structure, it most be classed amcng the tumors. 

3. firflaimnatciy Hfpertnplij. — Under the influence of damagiii^ 
agents which act with such mitigated intensity that their effect upon 
the oelLs amounU merelv to a decided irritation, the formative 
|K»wer<i of the cells may be stimulated and an enlargement of the 
{urt be brriught about, either as the result of hypertrophy or of 
hyfierplasia of it* elements. This form of hypertrophy is nearly, 
if not quite, equivalent to the results of chronic productive inflam- 
matiouH, for an account of which the student is referred to another 
chaptifr. In cases where the evidences of damage are inappreciable 
the prcicess may l>e considered as irritative hypertrophy or hyper- 
plasia ; where they are at all marked, it must be regarded as inflam- 
matory. 

The microscopical evidence of hypertrophy is found in an increase 
of sizf* in the elements com|)o.sin^ the tissue. It is not a simple 
matter to decride from a mi(jroscoi)ir*al examination whether hyper- 
phisia exirttH or not, for the micrr)s<'opioal appearances are almost, if 
not (juite, nonnal. It is often necessary to consider the changes in 
tlie ^rosrt aj)iH»aran<r('H of the part in order to determine wliether its 
(lonstituent elements have; increased in number or not. 



CHAPTER XXIII. 

METAPLASIA. 

When a fully developed tissue becomes modified in its structure 
to resemble another form of adult tissue, without passing through 
an intermediate stage of indifferent or more embr}'onic tissue, the 
process is known as " metaplasia." It differs from the inflammatory 
process in that the rejuvenescence of the tissue is not obvious, and 
it is unlike the development of a tumor because the tissue-change 
is a conversion of one form of tissue into another, and not the pro- 
duction of a new tissue within another. 

Metaplasia only results in the formation of a tissue closely allied 
to that in which it takes place. It is most commonly met with in 
the connective tissues, where a change in the character of the inter- 
cellular substances and in the form of the cells, which all spring 
from the same original source, the mesoderm, is all that is necessary 
to convert one form of connective tissue into another variety of 
the same group. We must attribute the change to a modification 
in the functional activity of the cells, the reasons for which are in 
most cases very obscure. We may, perhaps, in some cases, seek 
the explanation in conditions that lead to an altered functional 
demand on the part. Thus, for example, it has been noticed that 
bone sometimes develops in the fibrous tissues of the thigh or 
shoulder in soldiers that are obliged to ride or carry a musket for a 
long time. It may be that the fibrous tissue becomes reinforced in 
these cases with bone, because it is better calculated to withstand 
the pressure ; but the fact that such cases are exceptional shows 
that this response on the part of the tissues is by no means con- 
stant and that the explanation is incomplete. 

Metaplasia may result in the conversion of fibrous tissue into 
mucous or osseous tissue ; hyaline cartilage into fibro-cartilage, or 
into fibrous, mucous, or osseous tissue ; adipose tissue into mucous 
tissue, etc. The metaplastic tissue is usually not typical ; that is, 
it differs somewhat from the normally developed tissue in the finer 
details of its structure. Thus, the bone that is produced by meta- 
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plasia from fibroas tissue lacks the elaborate system of canalicali 
that is found in normally developed osseous tissue, although in its 
essential features it is virtually bone, the intercellular substances 
being impregnated with calcareous matter and 3rielding gelatin on 
boiling. 

Epithelial tissues may also be the seat of metaplasia. Under the 
influence of moderate but repeated damage, columnar epithelium 
may become modified into a stratified variety. In such cases the 
cause may, presumably, be traced to a change of conditions, which 
calls for an unusual exercise of the protective function of the epi- 
thelium. The uterine cavity and the respiratory tract are the most 
common situations in which this transformation of epithelium is 
met with. A similar conversion of transitional epithelium into true 
stratified epithelium is occasionally met with in the bladder and 
renal pelvis, as the result of a calculus not causing sufficient damage 
to induce an active inflammation. 

Metaplasia appears to result from a change in the functional 
activities of the cells, which lose their accustomed form of special- 
ization and acquire new ones of closely related character. 



CHAPTER XXIV. 

STRUCTURAL CHANGES DUE TO AND FOLLOWING 

DAMAGE. 

I. NECROSIS. 

The term Decrosis designates a local death of tissue during the 
life of the individual. 

In our study of the normal tissues under the microscope we are 
obliged to use methods of preparation which, in nearly all cases, 
kill the tissues before they come under observation. When we 
examine them with a view to determining their structure, they are 
nearly always necrotic, if we may use that term in this connection. 
Our standards of the normal appearances are, therefore, largely 
based upon what we learn from recently killed tissues. 

In some instances it is possible, however, to examine even highly 
developed tissues while still living. If, for example, the super- 
ficial layer of a frog^s cornea be stripped off and mounted in a 
drop of serum, the cells composing it may be readily seen under the 
microscope. While such a preparation is quite recent it is diflBcult 
to distinguish clearly the nuclei within the cells, their refractive 
indices being nearly the same as that of the surrounding cyto- 
plasm ; but in a short time the nuclei suddenly become very distinct, 
as though they had undergone a sort of crystallization. This is 
probably an indication of the death of the nuclei, the substances 
composing them having suffered a coagulation which increases their 
powers of refracting light and, in consequence, the distinctness with 
which they are seen. This conclusion is strengthened by the fact 
that the change may be hastened by the application of reagents, such 
as acetic acid. 

The modern methods of preparation used in histological studies 
aim at bringing about a sudden death of the cells and such a coag- 
ulation of the tissue-elements as shall prevent further changes of 
structure before the tissues can be studied. For, if the tissues are 
allowed to die spontaneously, their elements suffer changes that 
greatly alter their appearance. When they die and remain within 
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the Itvinji body, as is the case in necrosis, those changes in structure 
an' more diverse and more marked than those incident to spontaneous 
deiith resulting from removal. This has led to the distinction of 
sevi'ral varieties of necrosis, characterized by difFerent structural 
cliungi-s in the dead tissue, which are dependent upon the conditions 
obtaining in the tissue at the time of death or after death has taken 
place. 

Among the most striking changes incident to necrosis are those 
affecting the nucleus. This may retain its form in great measure, 
but lose its affinity for the nuclear dyes {" chromolysis," Fig. 262), 
or the chromoplasmic substances may retain that affinity, but be 
broken up into fragments, thus destroying tlie form of the nucleus 
(" karyolysis ," Figs. 260 and 261). Both of these changes are 
indicative of the death of the nucleus and assure the death of 
all parts of the mIL 
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gone fioagulation-oecrosis (Fig. 263). When the granular form of 
coagulation -necrosis is associated with albuminoid and fatty degen- 
eration the result is a cheese-like mass, and the process is known 
as cheesy degeneration (p. 274), 

2. OolUtinatiTe Necrosis (Fig. 281). — This form of necrosis is fol- 
lowed by an imbibition of fluid, occasioning a disintegration of the 

Fio. 263. 




Edge of a diplilhertllc membrane. Secllon from the humsu uvula. (Zlegler.) a, normal 
■tratlfled eplchelium; b, aubepllhelial fibroDa Uuue of Ihe mucoui membratie : e, epllhe- 
lium ihat haa undergone coaguUtlon-DecroelB. Onl; remnanU of cella remain in (be 
coBr«e fibrinous meibnork. d, lEdematoiu gubepithellal Hbrous lluue conulnlnn Hbrin 
and leucocylea: t, bloodTenelH ; /. bnmorrbage; g, g, groups of the bacteria causing Ibe 



tissue-elements, which are broken up into a granular detritus sus- 
pended in the fluid. 

The foregoing two forms of necrosis may be associated with each 
other, or one may follow the other. 

The fate of the necrosed tissue depends upon a variety of circum- 
stances. The presence of dead tissue excites an inflammation in 
the living tissue surrounding it, and the character of this inflam- 
mation oflea determines the fate of the necrosed mass. (See article 
on inflammation.) The situation of the dead tissue also affects the 
result. The following examples will serve to illustrate these vari- 
ations : 

1. Absorption. — The necrosed tissue-elements become disin- 
tegrated, and the debris either dissolved or carried away through 
the lymphatic channels by the currents of fluid, or through the 
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agency of leucocyles, which iiicoriwratc them and then pass out of 
the necrotic area. This disintegration appears to be tine partly to 
a simple maceration or sepamtion of the particles of the tissue, 
partly to a solvent action exertecl by tiie Hiiids in the tissues upon 
dead organic matter. While absorption is going on there w an 
inflammatory reaction in the surrounding tissues tliat still retain 
life, which results in the formation of cicatricial tissue. This may 
ultimately occupy the site of the necrosed tissue, or it may form a 
cjipsule around a collection of flui<l occupying that sit»i, the result 
being a cyst with a fibrous wall. 

2. EscAPSULATios. — The necrosed tissues may remain unab- 
sorbed, or be only partly absorbed, and eventually become enclosed 
in a capsule of new-formed fibrous tissue arising through the 
inflammatory process mentioned aliovc. In this case the necrosed 
mas8 becomes desiccated through absorption of its fluid constituents, 
and may eventually be infiltrated with lime-snlts, calcified. 

3. Gangrenk. — This occurs in two forms, distingiiislie<l as dry 
and moist gangrene. ■'; 

Dry gangrene is due to the desicxiation of dead tissues that are 
exjKtsed to the air. The tissues become discolored, owing to changes 
in the coloring-matter of the blood, and shrink, the skin assuming 
the appearance of jwrchment. After a time the dead mass is cast 
off by the formation of granulation-tissue from the neighboring 
living tissues. 

Moist gangrene is the result of putrefactive changes in dead 
tisHiie, due to infection with bacteria causing decomjiosition. The 
parts are discolored, swollen, moist, and often Ci^intain bubbles of 
gas having a foul odor. The gangrenous part may here also be 
cast off as the result of the formation of granultitions, but the 
gangrenous process may spread before it can be checked by an 
inflammatory demarcation, the products of dccomiKisttion having 
a poisonous effect upon the neighboring tissues that leads to necrosis 
and prevents the development of granulation-tissue. 

4. SuppirRATioN. — If the dead matter contain pyogenic micro- 
organisms, they exert a peptonizing action upcm the necrotic mass, 
causing it to liquefy. At the same time they excite a purulent 
inflammation in the surrounding tissues which leads to the forma- 
tion of an abscess or an ulcer. 

In those cases of necrosis in which the necrosed tissues are not 
speedily absorbed the dead mass is known as a " sequestrum," and 
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the zone of inflammation separating it from the living tissues is 
called the line or plane of demarcation. (For a fuller explanation 
of the process of demarcation and of the tissue-changes that lead 
to encapsulation, the student is referred to the article on inflamma- 
tion.) 

n. INFLAMMATION. 

It is difficult to frame an accurate definition of inflammation, for 
the reason that the term includes a number of different conceptions 
that cannot be readily expressed in concise form. In general, it 
may be stated that inflammation is a process of repair following a 
limited damage to the tissues. The injurious agent acting upon a 
part must inflict a certain amount of damage in order to bring 
about inflammation : if its action be slight, it will cause only an 
evanescent irritation which does not pass into inflammation ; if, 
on the other hand, its action be severe, it occasions necrosis or 
degenerative changes at the point of its application, and only in 
remoter parts of the tissue, where its action is moderate, will 
inflammatory changes be manifested. The nature of the damaging 
cause and that of the tissues aflfected both influence the character of 
the inflammatory process. It therefore manifests many variations 
under diflFerent circumstances, and in order to understand the 
underlying principles of the process it will be best to select some 
particular example for a somewhat close study, and then to consider 
some of the circumstances that modify the phenomena presented by 
that example. A severe burn, the effects of which extend deeply 
enough to destroy a part of the true skin, will serve this purpose, as 
affording an example of acute inflammation of a vascularized part 
following a cause that has acted for only a short time and has then 
been removed. 

In considering this example we must distinguish between those 
destructive effects that are due to the damaging cause, and the 
reparative processes that follow in the tissue-elements that have 
been less seriously affected. It will make the example clearer if 
we also separately consider the phenomena presented by the vascular 
system from those taking place in the fixed tissues of the part 
exclusive of the bloodvessels. 

Those tissues which have come into the closest contact with the 
source of heat will have been quickly killed and, perhaps, charred. 
Beyond this point of complete destruction the tissues may be roughly 
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divklcd into cones, in which the direct damage is successively less 
niArkctl. In the first zone necrosis will have taken place ; in the 
tis^iicis that are more remote, degenerative changes will be ooca^ 
m\hkh1 ; and 8till farther away from the seat of injury the tissues 
will sliow a vital reaction to the stimulation or irritation they have 
nHViNXxi, which will reveal itself in a growth, eventually leading to 
n r('|¥iir or patching of the defect in the tissues occasioned by the 
tknia)^\ 

K Tht Bloodyessels and the Oircolation. — The vessels most seri- 
«^l^lY ilaniaKcd, together with the blood they contained, will have 
Uvn iHMupletely destroyed ; in those less affected the circulation 
will liavo Ihh'u arrested and the blood coagulated. But beyond the 
iKMU'ti in which the function of the circulation has been abolished the 
ttfi^t nmrkiHl effect is an increase in the volume and rapidity of the 
\Hiri^Mit of bKK)d. This increased flow of blood to the part is 
altrihuttHl to the action of the injury upon the vaso-motor system 
^^' utTVt'8, lYiusing a relaxation of the walls of the arteries supply- 
iii|( tlu^ |mrt which has been damaged. A similar increase in circu- 
lati%>u ft»II(nv8 slighter stimulation of the skin, as, e. g.j rubbing, so 
timt tliiM determination of blood to the part as the result of vaso- 
motor disturlmnce is comparable with entirely normal hyperemias ; 
\\\\X it \^ ^riMiter in degree when the irritation of the parts is great 
t'Uou^li to rause damage. 

At^or im intorval the velocity of the circulation in the part which 
irt iHHMiniin^ inflamed is reduced, without any diminution in the 
\MiUbtN' ot* the vessels, and the slackening of the current may pass 
into oomplt»te stasis. This is probably due to two causes: first, to 
X\w t»\trnsi«>n of the vaso-motor disturbance beyond the area of the 
ii\)ui\Ml part, so tliat collateral branches of the main arteries are 
dilattMl ; this would diminish the pressure of blood going to the 
intlaiiKHl |Mirt. S»oond, to alterations in the walls of the smaller 
vr-'M^ls ill tlu' iiiflamcil part, os])ooialIy the capillaries and small veins. 
TluM* Immmuiu' moH' |MTvi(>iis, probably as th(^ result of the damage 
\\w\ havt* suMaiiuMl iu coninion with the other tissues, allowing a 
^rratrr an\<»uii( of fluid to i)ass throupli tliem than when they were 
in thr uonnal ('<»n<lition. This eom|>:iratively rapid extraction of 
it?^ Nvatrrv eonstitut'ut iiici-eases the viscosity of tlie bloo<l, and that 
iuiMH'aM'd viscosity, to^'thrr with the changes in the walls of the 
ve>M'l>, iurrrascs the friction Ix^tween the two, impeding tlie cir- 
cuhitiou. 
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Thus, two influences appear to check the flow of the blood after 
the inflammatory prot*ss has lM?en inaugurated: (1) a diminution 
of the pressure tilling the blood forward, and (2) an incroase in the 
resistance offered to the passage of the blood througli the smaller 
veas^B. To these, another factor increasing the resistanee ia added 
as s<^ion afl the current has become slowed beyond a certain point. 
During the normally rapid flow of the blood the corpuscles it con- 
tains, being heavier than the serum, form a column in the axis of 
the vessels, with a clear zone of serum around it (Fig. 264). This is 
in accordance with the physical laws governing the behavior of sns- 
pendeil particles in fluids circulating in a tube; but if the rate of 
flow be diminished beyond a certain point, the suspended particles 

Flo. 204. 




POBillons of the fnipuaclea iu cin-ulBlinx blood, iEbprth mid Schlmmplbiisch.) 
FIk. !M— Appearance when the TelncLtyof the clreulftllon Is noimul: a. mlitl cDlumii of 

corpuiolei. both red and wblte, In <uch npld movvmenl thai individual porpiualu can- 

iint be diitinguliihed. OocailoDally k white corpunclela thrown ttom the axial maaind 

Kp1>esra In the idaimic sine, b. 
Fig. son.— Appearance when the veloclt]- of the clrCUlatloQ la Dioderalely reduced. The 

■one b contains numcroua leucocrleB. 
Fig, aw.— Appearance when tlie curreul nf blnud b elugglah ; a, red eorputclea, atlll In the 

mi* : 6. peripheral sine, eontalnlnn Icucoeyiea. rf, and blond-plale», e. 
When Btoala la IXilly eaUbllshed the red eorpoaclea also Invade the |teri[dieral tone. 
The Bgurea are n-nm obierTailous madcnn (he veaicls of a do^'a omentum during life. 

invade the fluid Kone at the periphery of the current, those which are 
specifically moat nearly of the same weight as the fluid passing 
moat freely into it. In the case of the blood those particles are the 
leucocytes, which are lighter than the re<l corpuscles, and, as the 
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euirent slaekeus, it is these wliieli first make their way into the clear 
serum at the periphery of the stream and soon come in contact with 
the vascular wall (Figs. 265 and 266). Here, by virtue of their 
adhesiveness, they cling to the endothelium, and must materially 
increase the difficulty with which the blood is forced forward and 
promote stasis. 

While the blood Is circulating freely lu the vessels the leucocytes 
it contains are t^nbjected to repeatetl mechanical shocks through 
contact with other corpusdea or with the walls of the vessels 
where these branch or form sharp curves. Tliese blows cause the 
cytoplasm to contract, maintaining the globular form of the cor- 
puscle ; but when they come to rest upon the surface of the vascular 
wall, as may occasionally happen under normal circumstances, and 
is always the case in acute inHammation^, the leucocytes have an op- 
portunity to execute the movements which have b^en called "amoe- 
boid," from their resemblance to- those displayed by the amreba. 
The leucocytes send out pseudopo<lial processes and creep along the 
surface of the vessel-wall. We must bear in mind that at this 
time the capillary vessels are dilated, and that the cement between the 
endothelial cells is somewhat stretched and thinned. The passage 
of the pseudopodia of the leueocytes through the cement is facilitated 
by these eircumstances, so that soon after the circulation has become 
slowed there is a passage of leucocytes tli rough the walls of the ves- 
sels into the spaces in the surrounding tissutw. This escape of the 
leucocytes is called their "emigration" {Fig. 2tJ7), The number 
Fio. 267. 
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of leucocytes that escape from the blood in the manner described 18 
variable. In some varieties of inflammation the tissues outside of 
the vessels contain substances that have an attraction for the leuciH 
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cytes. This is particularly the case when the cause of the inflam- 
mation is an infection with bacteria. Under those circumstances 
the leucocytes that emigrate from the blood accumulate in great 
numbers in the tissues around the site of infection. 

The leucocytes, by their passage through the cement between the 
endothelia, open minute channels through which the red corpuscles 
of the blood may be pressed into the surrounding tissues, when they 
come in contact with the vascular wall after stasis (complete arrest 
of the circulation) has become established. These corpuscles are 
soft, and can be forced through orifices much smaller than their 
normal diameters; but the number that escape from the vessels 
varies greatly in diflFerent cases of inflammation, and it is probable 
that the integrity of the vascular wall is more affected when the 
number is great than when it is slight, and that the leucocytes 
prepare the way for only a portion of the red corpuscles that escape 
from the vessel in those cases in which large numbers pass into the 
surrounding tiasues. The escape of red corpuscles from a vessel 
without obvious rupture of its walls is called " diapedesis." 

As a result of the processes already described, it will be observed 
that three of its constituents pass from the blood into the sur- 
rounding tissues : (1) serum, (2) leucocytes, and (3) red blood-cor- 
puscles. These constitute what is known as the ** exudate." But 
to these three a fourth constituent is soon added, namely, fibrin. 
The formation of fibrin is still awaiting a perfectly clear explana- 
tion, but it is usually assumed to be the result of the interaction of 
three substances : (1) fibrinogen, derived from the plasma of the 
blood ; (2) fibrinoplastin and (3) fibrin-ferment, both of which may 
<;ome from the bodies of cells. In the exudate of acute inflamma- 
tion all of these elements necessary for the formation of fibrin are 
present in greater or less amount. (See explanation of fibrin- 
formation on p. 127.) As found in the tissues, therefore, the exu- 
date consists of serum, fibrin, leucocytes, and red corpuscles (Fig. 
268). But in different cases their relative abundance differs, and 
the acute inflammations have been roughly classified according to 
the character of the exudate. Thus, the serous inflammations are 
those in which serum predominates in the exudate. In like 
manner inflammations are designated by the terms fibrinous, 
hemorrhagic, and purulent (when the leucocytes predominate), or 
sero-fibrinous, sero-purulent, fibrino-purulent, etc. These terms 
are descriptive, and merely indicate variations in the proportions 
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of" the (liffi'rent cotistitueots in the exudate. The general nature 
of the proeoHS in the same in all cases. 

We are miw in a position to explain four of the cardinal eynip- 
tonis of acute inflammation. The increa.sc of temperature and the 
redness (ciilor and ruhor) are attrihutalile to the hypenejiiia of the 
part and its surntundingg. The swelling and [Miin (tumor and 
dolor) arc caused, at least chiefly, by the presence of the exndate. 
The suspension of function, or fifth cardinal symptom of acute 




SecHcm trom InnR In ibe Hieond or tTudaiivt Magv of crtiupoiu pni^iiiRDniii: n, eDdMhellal 
wall of a imal] rein : It. liloud wiililn Uia vein. uDiuually rich tn l(;ui-ac]rtgs, which b>T« 
collected daring lh« alowlng or Iho cirpulalloii. The Une b polnta ti> the nuclei)* ot • 
leucocyte. Part of Ifau blood hu M\en out of (he lection during lu prci«mtlnn. e, leu- 
cocTtea beneath the endothelium ur the vuH'DUrwall ; d. mtcniBtoui fibrou« Iluoeiur- 
roundlnglhe veM*l. The fibres of the tiMUe have beoa wparated bjf Iheexuded lenuii. 
This tlBiae is also moderaleir InflUrated with Icucocrlea thai maj have paucd thtouKll 
the vnlliofthe vein, and cnnlaltuahw red liluodcorpiucles. e, wall leparalln^ two pul- 
monary alrcoll. This Is alio lomcwhal Inllltmled wlib leueoeytca. /, exudate within an 
alTenhiB. cnnslsllng 'if serum, flbrtn, leucocjlee, snd red bluod-corptuclea; It alio coo- 
iBlub a few ei'llli dial eella desquauialud from the al vBolar wall. g. 

inflammation, may have a more complex causation. It may be due 
to the immediate efTccts of the injun.- that occasioned the inflam- 
mation, to disturbance of nutrition, to the presence of the exudate, 
or perhaps to an interruption of the normal nervous mechanism. 
All these disturbing (actors are present, and may vary in tlieir 
potency in different eases. 

All the changes that have been hitherto described are the imme- 
diate or only slightly remote effects of the damage to the tissaeit, 
and have nothing to do with the process of repair. They may be 
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regarded as constituting the destructive phase of acute inflamma- 
tion. 

2. The Fixed Elements of the Tissnes. — It is evident that the 
cause of damage itself, or the disturbances of nutrition resulting 
from the changes in the circulation, must either cause rapid death, 
necrosis, or that slower form of death entailed by a relatively in- 
sufficient supply of nourishment, which has been described in the 
chapter on the degenerations. The cells are either killed at once, or 
are starved within a certain radius of the point at which the cause 
of the inflammation was applied. Beyond this radius these changes 
give place to those that bring about repair. But the susceptibility 
of the different tissue-elements varies: an injury that would kill 
some might hardly aflfect others; a given degree of innutrition 
might cause degeneration in some and not in others, so that the 
depth to which those changes are felt will depend upon the nature 
of the tissues present. In general, it may be stated that those tis- 
sues which are highly specialized and those which carry on functions 
requiring active intracellular metabolism are the ones most deeply 
affected by damaging influences. 

Repair. — The view was at one time strongly upheld that emi- 
grated leucocytes were active in the formation of the new tissues 
that developed during inflammation. These corpuscles were re- 
garded as of indifferent character, capable of differentiation into 
the various forms of connective tissue. This view has not been 
supported by the results of experimental study, and is now aban- 
doned, giving place to a revival of the earlier belief that the cells 
of the fixed tissnes are the active elements in the reparative process 
which results in the formation of new tissues. 

Since the significance of the mitotic figures during karyokinesis 
has been learned, it has become possible to ascertain positively that 
the fixed cells multiply beyond the zone of destruction in acute 
inflammations. The cells which have suffered neither destruction 
nor degeneration beyond their powers of recuperation undergo a 
species of rejuvenescence, returning to a comparatively undiffer- 
entiated condition, in which their powers of reproduction and tissue- 
formation are revived. It is as though they reverted, under the 
influence of strong irritation, to the condition in which their pro- 
genitors existed at an earlier stage of tissue-development. The 
process of. repair depends upon this capacity for rejuvenescence on 
the part of the cells of the tissues, but that power varies greatly in 
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the cells of different tissues, being, roughly, inversely i)ro})ortional 
to the degree of specialization to which they have attained. Those 
tissues whose functional activities in the adult are chiefly formative 
possess this capacity for rejuvenescence in a high degree. In fact, 
epithelium in many situations — c. </., upon the skin — merely requires 
a little stimulation of its normal activities to produce new tissue. 
The case is different with tissues of higher function, in which the 
cells have become greatly specialized at a sacrifice of their formative 
activities. In these the capacity for rejuvenescence is always com- 
paratively slight, and may be entirely lost ; as, for example, in the 
ganglion-cells of the central nervous system. Such jiarenchymatous 
€ells of high function are also more vulnerable than cells of a lower 
type of specialization, because they are more dependent for their 
functional activity upon a maintenance of the normal conditions of 
nutrition. 

The foregoing considerations explain why the more highly spec- 
ialized cells are damaged for a greater distiince from the point of 
injury than are the connective-tissue cells, and also why they play 
a less prominent part in the restorative processes that follow those 
which have been destructive. The result is that the zone of con- 
nective tissue capable of rejuvenescence is nearer to the site of 
injury than the zone which includes undegenerated cells of higher 
function, and from this it follows that the defects in the tissues are 
made good by a proliferation of connective tissue, accompanied in 
only slight degree by a proliferation or restitution of the tissues of 
greater specialization. The process of re|)air is more a patching 
•of the defect than a restoration of the normal structure. It results 
in a permanent scar, and not the perfect replacement of lost tissues 
by others of the same structure and function. 

During rejuvenescence the cells of the connective tissues enlarge 
and become more cytoplasmic, and their nuclei become richer in 
chromatin. They then divide by the indirect process, giving rise 
to a number of spheroidal cells, which, together with newly devel- 
oped loops of capillary bloodvessels, constitute an undifferentiatinl 
tissue, called " granulation-tissue." During its formation at least a 
part of the original fibrous intercellular substance appears to be re- 
moved by absorption. This may be brought about by maceration in 
the fluids present, or through the agency of the leucocytes that have 
•emigrated from the vessels and play the part of phagocytes (Fig. 269). 
' The young vascular loops that supply the granulation-tissue are 
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Scctinn rrom mllpnie tlune In the nelt^borhood of a phlegroonoug [nflammatlon due to 
Intecilon with Btreptococcl. (Grswltz.) F. the boundaries of fat-celln. the tiraue repre- 
sented being Ibe connective tissue between those cells. Four large karyokinetic figures 
ore aeeti In that tlasue^ these arc in the r^uvenencentcell! of the flbroug tlsaue. Tbe 
section also coDtnim lencncjrtes that have wandered Into the tlssvie from Iho neighbor- 
ing focua of eiudalioii. These are desigbated by the letters L and e. c, and <■ are con- 
nective-tissue cells undergoing destruction, their nuclei ahowing chromol^sls. Other 
eonnectlve-tisaae cells sbow a swelling of tbe nucleus (karyolysls), and the iDterstllial 
tissue la the seal of a moderate o»]ema, 

produced through a similar rejuvenescence of the endothelial cells 
of the older capillaries. Those cells become richer in cytoplasm, 
and acquire a strong resemblance to epithelial cells (Fig. 270). 
They then multiply, forming little coUectJons of cells in contact at 




Sections from grHnnlHtiooa fortT-eight boura old. (Nikiforoff.) In both A and £two capil- 
laries ore represented, a, yiiung connectlve-tlasue cell : ii. karyokinetic flgurea in such 
etllfl ; 6, &,, di, leucocytes with single, polymorphic, or (i»gnienteil nuclei, the latter suf- 
fering karyolysls and. consequently, deatb : e, endothelial cell with nucleus in tplrem 
tluge of karyoklneala. demonstrating the prollferatlan of those cells. 
20 
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€mh pTjint with tk: waliri f4 the rapillarw^ and nadking out in 
nfinn.<4 r^r \mwhi am^ing th#^ cfrll.<4 rjff the gramulatioD-tisiie. Here ^'^ 
may h^r^/me nnir^ifl with fiarfa fAhtTf f«>nniDg loo|i» that spring from 
th#; 5^me ':apilbry i'#:a-riel, or crrfinect it with other capillariesw Sab- 
ffe^jrMntly tbe^j^e nrjid cirJama^ or \jetwh! of oelk become ofaannelledy 
th'; ef^lU ff^nntnfs the walk of the new vesBek, the Imnina of whidi 
f:«pfnninnusLt0: with th^jne of the parent capillaries (Fig. 271). 

Fio. 271. 




Kew-formAtfon of Mrir)4vcM<!l« in ffrmnaUtion-tiMiie. (Btrch-HlnchfekL) 

The fprtnulation'tiHHue thu.s fonniKl is continaous mith the adja- 
/tf*rit iininjiinid fibrr»uH tiri.siic;Sy ami herves to separate the tissues that 
have lK-<'fi killed or liavi' nnrlcrgone irrevocable degeneration from 
the living ti.-.-iif-i that Vw lN;fH*ath it. The dead mass is finally 
KKi-*iird and r'ji-t of!', leaving a snrfaco of gmwing granulations. 
Wliile tin; ri'Ws in the .^iip-rfieial iM»rtions of this granulation-tissue 
rontinne to ninltiply an<l pHxhice fnrsh, young, undifferentiated tis- 
Mue, the deejHT |H»rtionri uinlergo <liff*erentiation, the formative powers 
of the (reljs being no longer |»reoceu|>ie<l with the pnnluction of new 
ei'lJH, but diverte<l to the <'labi»ration of intercellular substanoes of 
a fibrourt ehanieter ( Kig. 272). 

During this pnK*ess the e^lls <lwin«lle in size as the inten^ellular 
HulHtnneesaeciiiimlati' between them, nnd may >nir(Teom|)leti* extinc- 
tion. This mny Im' due to atrophy in eonsecpienee of pres.-nre exertwl 
by the fibrous constituent of the inter<!<llnlar ^^bstan<•es, whirh has a 
nnirked ten<lenr'V to shrink n^ it becomes older. Anotlier probable 
n*aHon for the <lisappeji ranee of many of the cells may l)e the lack 
of a well-define<l lym|»hiiti(^ cin*nlation in the gninnlation-tissne 
and the young <ricatrix, which, if it existed, wouhl serve to assist 
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in the nutrition of the tissue. There is a manifest advantiige to 
the whole organism in this absence of lymplmtics in granulation- 
tissue, for tliL' al)sorptiou of injurioUB substances from tlic region 
beyond the grunulntions is hinderetl. But tlie nutrition of the 
gninalationa theuiselvos is impoverishwl and the tibrous tiBsnu 




Kewlr Tormed flbrouii tissue ttom ■ cuo of pleuiiaT : a. pnlmnnarjr nlveolu* fllleil vtllh an 
ciudBta largely cumposed of lencicjtci [pncumunia : tiUge nf gray hcpaUnllon paxRlni 
Into reaoluilun); b, alveuliu, rrom which Ihe diilntcgrated exudate ha* lUleii nut. 
Before Ihe alteratlorui In itrncture due to Innammatioa look plape Ihli alTPolui. flad 
ttie one above II, lay Immedialvly heneath Ihe pleura. The thin pleuritic inembrani 
haa now been deatrnyed and ita plaoo taken by ihe flbrom tluua of liilIaDinuilory pro- 
duction, which fllli nearly Ihe whole field of vision, c, thln-wallvc) bloodveatvl In Diat 
Bbroua tluue. This and thoaelike UfiinD r part of the older portion of Ihc itraoulatlon- 
Ikiiie which haa replaced the nbrinouaciudAte at flnt covering the Inns (xep, Slit). Tha 
granulallon-tlBue between theae vewel* haa organlml IntoayounK nhrimn tl»iii>. d, 
younj^r granulaLlan-ElHane ; e. recently formed bloodvefiiel In Lhf. talti<r : /, maaw-d irf 
carbon depwlted In Ihe tlmuoaby leucocytca, which have tromiportcd II thither from the 
■Ir^paaogi'i, Theae di;poalt« ciltted belbre Ibe acute InflaminDtlim litiiaii. Thii furm 
of plgmenlalion Ih called "anthracoala." 

that results from its difTerentiation is of comparatively low viIhI- 
ity. While the tissue is young, succulent, and highly vawnilnr- 
ized by capillaries, this deficiency in its organization may nut Iw 
apparent ; but as the intercellular Bui>stanccB contract tliey com- 
press the vessels and cause olilttcrotion of many of them, with 
atrophy and disappearance of their oellular walls (Fig. 273). 
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^^1 When, as in the Dxaniplc originally cbosen, the injury affects 

^H tissues tliat are Dormally ciivercnl with epithelium, the celts of that 

^^1 ti^ue proliferate at the edges of the granulations until a layer of 

^^1 epithelium eompleCely covering them \>i produced. The whole proc- 

^^M es9 of repair comes to an end u-ith the formation of a dense fibrous 

^^B tissue that is only slightly vascularized by tliin-walled bloodvessels 

^^M and is poor in cella. This is the scar, composed of " cicatricial " 

^^1 tissue (Fig. 273). Upon the skin it is covered with epithelium ; 



Dense flbrouilluue, III elcalrifliUtinneKeuUinijrnim perli^acilItU: o.nbrout l<»ai>. Klmon 
devoid at nuclei und veweU derived from gr»niiUll"ii-llMQH; 6, lumen of a naatl 
rEDiRlnini; vcuel: r. modenle roDndcell InflltralluD Id the dceiwr purUon »( the 
flbrouf lii-suc. Kiultlng Ituiu au iRunlKratlun of leucoeylct. and, perbarc. alio from * 
flight frrltnllva protircration of the tlxed eella of the tluue; d, auliperleardiklxllpaa* 

but there are no jrapillse beneath this covering, and the epithelium 
is as poorly nourished as the cicatricial tissue beneath it. 

The cells of higher function in the damagetl part which have not 
l)een irremediably injured pass through the changes that will pre»^ , 
ently be described in the section on regeneration. 

The course of a simple acute inflammation, as outlined above, \ 
may be modified and complicated by a number of circumstances i 
to such an extent thai these variations must be briefly described. 

1. The Healing of Fractures. — When a bone is broken the rejuv- 
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enescence affects the tissues of the perii>sieiim ami eiKk\steum« as^ 
well as the surrcmiKliiig coDnective tissm^ of the fibtvHis type. In 
the sDhseqoent differentiation of the granulation-tissue^ \vhit4i in 
this case is called the •* callus,'* those cells which ha\n£> been deriv^xi 
from the periosteum ami endosteum proilmv bom\ whioh Innxvint^ 
continuous with the osseous tissue of the fragments ami restonts the 
continuitv of the broken bone. It is exndent that in this txiA^ the n^ 
juvenescence of the bone-forming cells has not caused a rewrsion to 
an entirely unspecialized type of connective-tissue celK It is et)ually 
evident that in the production of cicatricial tissue the cells of tibnuis 
tissue retain their special formative powers after rejuvenescHMiiv, 

2. Suppuration. — This is occasioned by the persistent action of a 
damaging cause which is accompanied by the presence of sul)st2iniH>3 
exerting a " positive chemotactic influence " upon leucocytes (i. <•., 
attracts those cells) and at the same time effecting solution of the 
tissue-elements. In clinical experience nearly all cases of suppu- 
ration are due to infection with bacteria ; but purulent influninm- 
tions of very limited extent may be caused experimentally by chem- 
ical substances free from micro-organisms. 

Suppuration does not, however, always follow infection, oven by 
pyogenic bacteria. Sometimes the virulence of the bacteria is t<H> 
slight for the production of chemotactic substances in snftioient 
quantity to attract large numbers of leucocytes. Sometimes it is so 
great that the chemotactic influence becomes " negative " (i. f,, rejwls 
leucocytes), or the leucocytes are killed before they can collwt in 
sufficient numbers to form pus. The relations between the leuco- 
cytes and the chemotactic substances are quantitative : if the sub- 
stances be present in too great dilution, they fail to attract leuco- 
cytes ; if in too great concentration, they reixil them. Nor arc bac- 
teria and their products the only substances that attract leucocytcH. 
Bits of dead tissue may do the same, a fact which would promote 
their absorption through the agency of the leucocytes. 

These points will be made clearer if illustrated by an example, 
for which purpose an infection of the kidney through the vascular 
system may be selected. If a section be made through tin? organ ho 
as to include a focus of infection, the bacteria will be found in the 
bloodvessels. The appearance of the tissues surrounding the v(»h- 
sel will depend upon a number of circumstances ; among others, the 
length of time that has elapsed since the bacteria were brought to 
the part. In one case the walls of the obliterated vessel and the 
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tissues in the vicinity may show chiefly necrotic changes ; the 
tieeue will be diffusely steined, the nuclei either unstained, only 
faintly tinged, or broken into fragments that take the dye in %-ari- 
ous intensities (Fig. 274), Around tliis necrosed tissue there 




Secondary Infection of the kidney In a cue or oryiilpeUi. (Faulhaber) o, cBjilllKry con- 
taining Btrcptucocpt -. b, renal lubute containins a, hyaline cost : f, renal luhulc fllled b; 
a depoelt of calcanwuB material. In the neighborhood of ttie capillary conlitliiiiiK Uie 
bacteria tbe tissues have been necrwed, and hare become reduced to a granular deliftm 
through the peptonidaK action it produeta formed by the bacteria. Hare remotely, ■> 
the upper left. theceUsinlherenoitubulesarein Hatate of albuminoid dpgencratlfiii. la 
thiieaaettie b&nerla aro evideulty of greil virulence; probably eapsble of dcMroylng 
leucocytes thai wandered Into their uelghborbood, through concentnitiou of the polMOa 
pmdnccd ; for the acutlon conUlnB no evidence of a round -cell Inflllnitlun vrllh emlgnled 
leucocytes. 

may be a ring of leucocytes, easily identified by their irregularly 
shaped or fragmented nuclei, which, unless nccrasis has taken place, 
are mure deeply stained than the normal nuclei of the surrounding 
kidney. The central necrosis is due to the poisons that have accom- 
panied the liactoria at the time of Infection or have been subgequcotly 
protluced by them. Having killed a jwrtion of the tissue through 
the action of these poisons, the bacteria thrive upon the dead inat>- 
tcr and produce fresh poisons, which increase the area of necrotic 
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1 Cbc kidiie. 

a 1iy bacilli curled to Ihc klilnvy friiui a pblrg- 
maaoun iDflannnatiDD ol the neck, a, a, bacilli in the capeutc of s Malplghlaa bodjr, 
Itae necmtlc glumerulUB of which it seen In the upper halfor the figiini; b, bulUl in 
Ibe lUDien uf a convoluted tubule. Tbo epithelial lining of that lubuie ban bean ilo- 
alroj'cd am! dissolved : only three nuclei, almotrt devoid or ohromiitin. renmining. The 
bHseoicnl-iaenibrttne is also partlallj' destroyed, f, beginning ftbaceaa-lbnoatiou [ii the 
Itilsntltliil lluQC between the (involuted tnbtilei). Theco fbcl of auppu ration ara crowded 
Wilh leucocytea, in aomc of which the nuclei have become poor in chromatin through 
the action of (be polaona present. Among the leacocytei are a few bacilli, the virulence 
of which can only be moderate, since comparatively f^w of the leucouytes are necrollc. 

, Fio. 276. 
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action. Toward the periphery of the inilamtiiutory fucus th€6e 
poitioDS are more dilute, and exert a positive oheinotactit; iuflu- 
enee upon the leucocytes, stimulating their emigratiou and prog- 
ress toward the centre of the inflamed urea. If they advauoe 
too far, however, or the accumulating poisons become too eon- 
ccntnited, they siift'er necrosia or degcncrutiou in the same manner 
as the tissues of the part. In this way the neci-otlc process mav 
advance more rapidly than the reBtricting inflammatory process can 
cope with it. But to a certain extent tlie poisons they produce are 
injurious to the bacteria themselves, so that as they become more 
concentrated the growth of the bacteria is checked. The injurious 
influence of the bacteria upon the tissues is also, after a time, miti- 
gated by tlip ])r»duction within the body of chemical sul^tanccs 
called "antitoxins," which neutralize the poisons pnxluced by 
the bacteria. Other euhstanecs may also be produced which 
have a germicidal action. There will come a time, therefore, pro- 
vided the individual lives, when the productive iuflammatory process 
on the part of the tissues will predominate over the destructive 
action of the bacteria and confine the poisonous area within a zone 
of granulation-tissue. This demarcation does not take plai^ in most 
cases until a collection of pus, an abscess, has been forme<I in and 
around the area of necrosis. The appearances are then different, 
and require a brief description. 

An abscess or collection of pus within the tissues contains a fluid 
of serous character, in which there is such a great number of sus- 
pended leucocytes that they give It a milky or creamy appearance. 
This liquid is pus (Figa. 275, 276, and 292). Tlio walls eneloain^ 
the pus are composed of granulation-tissue infittnitod with emi- 
grated leucocytes making their way to the fluid contents. The 
liquefaction of the tissues which makes the central cavity pos- 
sible is the result of maceration, the disintegrating action of the 
leucocytes, and, probably in still greater degree, is due to a pep- 
tonizing action exerted by the bacteria or tlieir products. There 
is now an antagonistic action between the bacteria and their 
products and the tissues, in which possibly the phagocytic aotion 
of the leucocytes may aid the tissues. The activities of the tis- 
sues are directed to the formation of cicatricial tissue; the bao- 
teria and their proiliicts tend to impede those activities or to 
destroy their results. If the destructive action predominates, the 
pus increases in amount and " burrows," following the direction of 
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least resistance, until it is finally discharged along with some of the 
bacteria and poisons. This frequently brings relief, and the abscess 
becomes an open wound, which heals by granulations in the way 
already outlined. 

In other cases the conflict between the bacteria and the tissues 
may be more evenly balanced and the pus confined by granulations, 
which are injuriously affected on the surface, but progress toward 
the formation of fibrous tissue in their deeper portions. Such 
a lining of granulation-tissue is called the "pyogenic membrane" 
of the abscess. Similar pyogenic membranes are formed on the 
walls of sinuses resulting from the discharge of an abscess when the 
infection is still sufficient to prevent the growth of healthy and vig- 
orous granulation-tissue, or when the burrowing of the pus before 
its discharge has been so slow that the granulations surrounding 
the sinus have become organized in their deeper portions and are 
no longer capable of nourishing young and active tissues at the 
surface. In such a case curetting of the sinus-wall would remove 
this imperfectly nourished tissue and promote the development of 
vigorous granulations. 

Still another variation of the process is possible when the infec- 
tion becomes very greatly reduced in virulence or the bacteria die. 
In this case the granulations grow and obliterate the cavity in case 
its contents are absorbed, leaving a puckered scar, or its contents 
may become inspissated through absorption of the serum, and the 
leucocytes be converted into a cheesy mass by fatty degeneration 
combined with necrosis ; in which case the resulting mass becomes 
encapsulated by cicatricial tissue. The resulting nodules are liable 
to subsequent calcareous infiltration. 

3. Fibrinous Inflamination. — This frequently affects the serous 
membranes, the lung, etc. A case of lobar pneumonia may be 
selected as a typical example. 

After a preliminary congestion of the vessels in the walls of the 
pulmonary alveoli an exudate, consisting of serum and red cor- 
puscles, with a comparatively small number of leucocytes, is 
poured out into the alveoli. Here fibrin is formed, so that the 
exudate becomes solid (Fig. 268). This constitutes the stage of 
" red hepatization." This stage gradually passes into that of "gray 
hepatization," in consequence of an immigration of leucocytes into 
the fibrinous exudate, the red corpuscles meanwhile losing their 
coloring-matter, so that the red color due to them passes into a 
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pray (Fig. 272, a). In favorable causes a stage of " resolution " fol- 
lows that of gray heimtization ; the fibrin disintegrates, and the 
exudate l)e<H)nie8 softencKl (Fig. 272, b) and is expectorated. This 
is not the invariable outcome. Sometimes the fibrinous exudate is 
n»plae<Hl by riew-fornuKl fibrous tissue, granulation-tissue, develop- 
ing fnmi the alv(»olar walls, and the alveoli become obliterated. The 
pnHM»ss in that caw? is similar to that which affects the pleura. 

The pleunil surfaet* over the jxirts of the lung which are the seat 
of the pneumonia is usually also the seat of a similar inflammation ; 
but hen» the eours(» of th(» process is a little diflTerent, There are 
frwiT nnl bl«MMl-<M>rpuseles and less serum in the first exudate that 
is fornu^l, prolmbly because the proximity o{ the bloodvessels to 
the phMinil surfac«» is less immediate than the corresponding rela- 
tions in the pulmonary tissue (Fig. 277). The exudate therefore 
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In this way a fibrous thickening of the pleura is formed, which 
rentalns as an enduring evidfuce of the inflammation that caused it 
(Fig. 272). Again, it may happen that the inflammatory process is 
communicated to the costal pleura where it is in contact with the 
visceral layer. In this ease fibrin is formed on lioth pleural surfaces, 
which l)ecome a^lutinated in case they are in contact. When, in 
such cases, the interposed fibrin is replaced by cicatricial tissue, per- 
manent flbrous adhesions between the lung and thoracic wall result. 
When the exudate contains sufficient serum to prevent the agglutina- 
tion of the two pleural surfaces such adhesions do not take place, but 
each pleunil surfaw receives a permanent layer of fibrous tliickening. 
Fibrinous inflammation may affect other tissues than those of the 
sei-ous menibraut'ti (Figs. 278 and 279). 
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fibrin. Fibrin is also frequently deposited, or rather formed, upon 
the pleural surfaces ; but agglutination of the opposed surfac^g., 
with the formation of adhesions, is prevented by the fluid that 
keep8 them apart. Another common sit*; for serous inflammations 
is the skin, slight burns caugiiig a serous exudation under or within 
the epidermis, the horny layer of which is raised to form the cover- 
ing of a blister. Serous inSammutions may also affect other por- 
tions of the body (Fig. 280). 

Under the microscope a few leucocytes and blood-cor|>uscleB can 
be defected in the serous exudate. Some of the leucocytes may be 
infiltrated with fat-globules, which they have appropriated from the 
debris of degenerated cells. These drojHi of fat may be so utimN>- 
nns as to obscure the nucleus and completely fill the cytoplasm, dis- 
tending the cell to fully twice its normal size. These cells have 
received the name "comiwund granule-cells" (Fig. ]96). When 
the inflammation affects a serous surface detached aud swollen 
endothelial cells may also be present in tlie fluid. 

5. Oatarrlial infiammationB are those which affect mucous mem- 
branes, with the protluction of a fluid exudate appearing upon their 
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Rurfiices. In the exudate, beeitles the usual constituents, there are 
(ie^unmated epithelial cells and a variaMc amount of mucua. 
Mucus, it will be remembered, is a substance normally secreted upon 
the raucous membranes, where it serves to protect the underlying 
cells. When those membranes are irritated the supply of mucus is 
increased. In catarrhal latlummations it may be so abundaat as to 
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predominate over the elements of the exudate, so that the fluid 
appearing on the surface of the membrane has a viscid character. 
In other cases the mixed secretion and exudate may be muco-serous 
or mupo-purulent (Fig. 281). 

In catarrhal or broncho-pneumonia the exudate appearing in the 
alveoli of the lung is of a serous character, with an admixture of 
desquamated colls from the alveolar walls and a variable number of 
leucocytes. These simictimcs give the exudate an almost purulent 
appearance. 

G. CronpooB influnmatioii is an inflammation of a surface, char- 
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actcrized by the fumiiLliiui iipOQ it of" a " paeudomembraae" com- 
[Kiwetl ohiufly of Hbriii. 

7. Diplitheritic inflammation \s a term usually applied to intlam- 
niation aflcHitiiig the tissues underlying u f'rtt; surface. It is char- 
actemed by lucal death ut' the superficial portiims of those tissues 
with aa aceoTupiiDying coagulntiou (Fig. 263). The result is the 
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fortnatioa of a membranous mass of dead tisi^ue closely adhering 
to the tii^eiies beneath, a soenlleil " true membrane," in eontradis- 
tim'tion to the "false membrane" of croupous inllnmmatinn. This 
membrane is subsequently separated from the underlying tissues bj 
the formation of grannhitionf:, leaving an ideer. 

8. The " iiifectiTe gianulomata," Ruch as tubercle, gumma, and the 
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nodules of leprosy and glanders, are furms of subacute inflamma- 
tion which owe their peculiarities to the infections that occasion 
them. The tubercle, caused by the presence of the tubercle bacil- 
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Ins, is the most common of these inflammations and may be taken 
as a type of the whole group. 

The tubercle bacillus does not always produce the little in- 
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flanimatory nodules called " tubercles." It sometimes ' 
a suppurative inflammation of slu^sh type, forming "cold ab- 
or purulent inflammations of mucous membranes. It 
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may qIho cause Etiro-hsRiorrhagiQ exudations from the serous 
memhrnnea — c. p., the pleura; but the most characteristic tisaue- 
rciuition due to ita presence is the formation of the tubercle. This 
is the result of !i rejuvenescence of the connective- tissue cells, 
without any preceding exudation, and an attempt at the pro- 
duction of grunuliition- tissue around the bticilli (Figs, 282 and 
2Sy). ThcMt- multiply sf) slowly that they and their products exen 
merely an irritation on the cells of the tissue, stimulating them 
to reprodnce, but they do not usually cause the groM-th of new 
bloodvessels, so tliat in the majority of cases the granulation-tis- 
sue is not vascularized. Furthermore, as they increase in number 
the bacteria cause degenerative and necrotic changes in the cells 
that hove been producetl, and, as their products increase in 
amount, the cells in the centre of the focus of inflammation are 
destroyed (cheesy degeneration, p. 274), while tiiose at the periph- 
ery multiply, causing an increase in the size of the indamraa- 
tory nodule or tubercle. The multiplication of the cells is often 
hindered to a certain extent by the poisons present; the nuclei 
divide, bnt the protoplasm fails to undergo a corresponding di- 
vision. In this way multinucleated colls, called "giant-cells," are 
pro<luoed. 

Ah the result of these processes a developing tubercle presents the 
following appearances under the micn>scope. In the centre is a 
mass of cheesy matter, compased of fine granules of fat, albuminoid 
material, and fragments of nuclei, ttie result of degenerative and 
necrotic changes caused by the bacterial poisons. Around this 
mass is a zone of rather lai^ "epithelioid" cells, which belong to 
the granulation-tissue, and among which there may be a variable 
number of emigrate*! leuciKrytcs, probably attracted by the necrosed 
tissues in the centre. Also, near the centre or in the gntnulatioD- 
tissue, a few giant-cells may be present ; but they are not invariably 
found, nor is their presence a conclusive sign that the process is 
tubercular (Fig. 284). 

The ultimate outcome of tlie process varies in different cases. 
The inflammatory reaction may overcome the infection, encapsulat- 
ing the nodule with a dense cicatricial tissue ; or the infection may 
conquer; bits of the cheesy matter containing tubercle bacilli may 
then find entrance into the lymphatic circulation and tie carried to 
the neighboring lymph-glands, establishing in them new foci of 
tubercular inflammation, or tubercle liacilli may get into the blood- 
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vessels and carry the infeotion to ail larts of tin; body, occasioning 
general tnberculosiB. 

The poiaoDous products of the tubercle Ijacilli are absorbed into 
the gpneral syritura, pixidueing disturbances of nutrition, einacialioa^ 
and fever. Old eneiipsukted tubercular products are prone to 
calojireous infiltration, but, even after prolonged encapsulation. 
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the tubercle harilli which have been imprisoned may retain their 
vitality, and, if for any re-asnn the poorly nourished capsule suffers 
in its integrity, these old nodules may beeome the source of fresh 
infection. Thia is a not uncommon result of some acute disease like 
scarlet fever, typhi)id fever, nr influenza, convalescence from those 
L diseaws being followed by the development of tuberculasis spring- 
f jng from an old and long-tlnrmant tubercular infection. 

In the lungs the tubercles, as they increase in size, involve the 
I walla of the alveoli or the bronchi, and when the cheesy matter 
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cM.iijMv into the alx-coli or bronoiii cavities are protluccil. Thv proo* 
ess ran-ly rc-mmiui a jiurely tubercular one in the Jutigs. The com- 
ditionx there (cspcMur« tn inspired air) arv fkvoniblp to a mixed 
inr««Hiun with pyogenic bacteria, wliicti bai^teu^ the dt^tniclion of 
tbe pulmonsr}' tici»ueH iuaiigiiraii^ by the tubercle bafUIiiB. 

Isolated tuberetes, eui-h as have been dc^rilied, an? not iufre- 
qucnily met with ; but it ia more usual tu find a nnmber of (-ueh 
nudulet) in close aggregation, each starting from a distinct fVicus of 
infection. As tiuvnr enlarge, their peripheries coalesce, and finsllT 
tlieir checity centres meet and blend. Meanwhile fre^li voong 
nodules are formeil around the older iv, and thu^ the tubercular 
disintegiatiou of the tissues i^pread^. It is for tliis reason that 
tubercular ulcers — e.g., of the intestine — have swollen aud uoder- 
mined borders (Fig. 285). 
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The other granulomata have peculiarities due to their special 
cnuHCs, whieh are pretty elearly defined in typical eases ; but, a* 
in tuberculosis, these inflammationti may in certain instances be 
fltructurally indistinguishable from thtjse due to other causes. 

Chronic Inflammation, 

A consideration of the infective granuloraata makes the &ct clear 
that inflamniatinn may occur without the production of a diadnct 
exudat<', the ihiniiit^ing cause merely exciting the tissues to prolifer- 
aliou ; but in lliiit i;r(in]> of iuf1:unniations the excitation of the tis- 
sues was sunit-ii'Tilly iiili'usc to occasiou the development of a tissue 
rlow^ly nseuibiiug the gmuidations of acute inflammation. For 
this reascm tlicy were di'signaled as mbaeute inflammations. 

There is another group of inflammations in which the irntation 
of tlie tissues is not siiflieirnt to induce a rejuvenescence of the 
cells in such a pn»noiinccd degree as to cause their reversion to a 
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comparatively iindifterentiat«d cimJition. No granulations are, 
therefore, produce<!, but the cells are siinply 8tiimilat<'tl to a forma- 
tive aetivity that is abnormal to the part. This is the group of 
elimniu iuflammationa, of which tliree or four examples will be 
eitcd. 

Chronic [teriosteal inflaiuiuation may be induced by a number of 
damaging causes of slight iutensity, but repeated application. Tlie 
response which the cells of the periosteum make to thiw irritation 
is a revival of their formative activity and the production of boue, 
which forms an " epiphyte," or other osseous excreseence, apparently 
springing from the Burface of the older bone. Similar new-forma- 
tions of bone may take their origin from the endosteum, forming 
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layers that encroach upon the lumina of the Haversian canals or 
the medullary ca\nty of the bone. These deposits are more diffuse 
than those springing from the external surface of the bone, probably 
because they arise as the result of a more widespread irritation, such 
as the presence of some noxious substance in the circulation, and not 
from a localized point of irritalion. 

Another example of this gn>iip is presenled by cirrhosis of the liver, 
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svleeU^ fniiu luiuiiig liko chnmic interntUUtl injlitmmutiotut that luay 
aSfcl any itf the urgnns of the body. In hejmtic urrliosis there is a 
rc<)niii)ani prndiiotion of filiroibt tisene around the branches of the ]mf- 
tul vein, niid, thorcfon.', aji|M-aring tx>iween the " lobules " of the liver 
(Fig. 2K6). This has tht; sanit- lendvney as other cicatricial tissue to 
coiitracl, and (tint ctaitniction um^'s atrophy of the liepatic cell* 
thnaigh the [irr^iire it exertl^ upon thcni. There may )>c ttnuther cuusf 
for this nlrojttiy of the hver-ct-Ils, which will he moret^inprehen^lMe 
after conftitleriiig the probnhlc eliolt^y tif the interHtilitil influnitiia- 
tion itpclf. This appenn* to be causwl by the absorj^tioii of irritating 
»ibt4lai)M>s front tiie digestive tract, ' :::h arc carried in most con- 
oenlniitil fonu by tlie [wrtal vein to liver. Here they stimulate 
the cells of the connective tissue to roduce fresh fibrous tit«iie 
uniunil the branches of that vessel. But it is qiiit^ ]>os!^ihIc that 
those same siibstuiiuc« may act injtinotisty upon the parenchymatous 
colls of the !i\-er, ini{>Hiring their nulrition and rendering theni 
espeeially liable to atrophy under the increased pressure from the 
lihrtins tissue in their neighlKirhixNl. 

While the interstitial inHamniutiou is in progress the connective 
tissue of (ilisson's uipsiile «pj>ears not only increased in iiniuimt, 
hut more highly eelhdiir than normal. This is due in part to a 
nuillipliiiiliim of the fixctl cells of the fibrous tissue, in part to 
ii ii.uinl-e<ll intrltnition — i. c, an immigration of leuoocytcs. This 
iiiimigi-.ilion is more uhnndant in some eases than in otJiers, as would 
Ih' exiH-etcl, since the process must he subject to exacerbations, due 
to fliictuiilions in tin- amount of the irritating substances brought to 
the liver, in fiiot, we should hantly expect to find a sharp division 
iK'twi-en the slo«t'st chronic iiiflammaticin and such inflammations 
as upproiK'h the chamcter of a subacute manifestation of the same 
pnices>i, 

A tliiiil exnmplo of the ehrtniic infl!immat<jrv pnx-ess may l>e 
fomid in the reiieti'm of the tissues nnmnd the necrotic mass result- 
ing fnitn hliuiil ciuhiilism. Hu|)i>ose one of the vessels of the kidney 
to be phifi^d by ;ui iiseptie limly. The tissues noniially supplied with 
hl.ioil throusrh tliiit vessel will die (Fig. 293). But the presence of 
thi> demi tissue, ikUiioiigh it contains no micro-organisms, acts as an 
irritant \i\ni\\ the surroinidiug tissues, which respond by the produc- 
tiim of a eapiule of fibrous tissue. The necrosed tissues may 
ivnniin within liiis capsule, or they may be absorl)ed, in which case 
the capsule shrinks to a puckering mass of dense fibrous tissue. 
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In like manner a ii on- infectious foreign body niay become encapsii- 
lateil within any of the tissues of the body. 

Still another example of chronic interstitial inflammation appears 
to be furnished by cases in which the parenchyma has suffered 
atrophy or some other form of destruction, and the loss is made 
good by the production of fibrous tissue without a precedent forma- 
tion of granulations. In embolism of a branch of one of the 
coronary arteries supplying the heart-muscle the destruction of the 
muscle-fibres seems to stimulate the formative activities of the cells 
of the interstitial fibrous tissue. The deduction that the production 
of fibrous tissue is the direct result of a loss of parenchyma is, how- 
ever, not quite clear, for the stimulus to tissue -production may 
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result from the unusual strain brought upon the part of the heart 
which is deprived of the usual support of muscular tissue. It 
may be that other eases in which a loss of [mrenchyma is replaced 
by fibrous tissue are also not due to stimulation of fibrous-tissue 
production Iwcause nf that loss, but are to be explained in a man- 
ner analogous to the explanation of cirrhosis already offered. 

Further examples of interstitial inflammations are shown in Pigs. 
287 and 288. 
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From the cxamplee that have been given it will be noticed thai, 
amid all its protean manifeatationt;, the inUamniatory process is fun- 







Cfaronlo tnterslitlal mrocsrdiLla, late stage : a, disiue Rbrous tlune. the fliuti reeuU of tlia 
IntunlltlBl inllunmiiKoD ^ b.V,tf, atro|>1iied I'ardlitc miigrle-cclls: I^. TBcuolaUun of* 
less atrophic cull :b",BecClunebDiirIn)tBiiml(iniullobreuch Joining Iwocelln: r, panul!; 
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(lamentally the same, hut susct'ptible of many vnriationH ; and when 
the conditions are not t«o adverse it leads to a removal of the cause 
of an injury and to a more or less complete rcpiiir or patching of 
the tissues that have been damaged. 

m. INCIDENTAL CONSEQUENCES OF DAMAGE AND 

INFLAMMATION. 
The damage and ensuing inHHrnniation all'ecting a (>art of the 
body not only occasion changes in the stnictnre of that jmrt, but 
also, through those changes, very frequently cause morbid conditions 
in remote parts. It will l>e imiK>8sible to enumerate all the poesi- 
bilities in this connection, but a few examples will suttii^e to show 
their importance. It is obvious that chronic interstitial hepatitis 
(Fig, 286) must affect the circulation in the portal syptem of vessels. 
The inflammatory fibrous tissue formed Iwtween the iobulcs of the 
liver, and, therefore, around the portal vessels within that orgun, po»- 
sesses the same tendency to eontraet after its formation thnt is mani- 
fested bycicatrieiul tissue ofmore acute infliimmations, though perhaps 
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in less degree. This contraction would aiiflioe to Rorapromlse at 
least the Btualter branches of the portal vein entering the lobulca, 
so as to obritrucl the current of blood flowing tlirongh them. The 
result in an increase of pressure in the portal circulation and the 
production of passive hyperseinia or congestion of the organs in 
which the portal radicles are situated. 

This passive congestion results in a dilatation of the vessels in 




Bfown Induration of the lung, the Tcsult of chronic pawive congewlon omued by vilmlor 
dieeau of tho heart : a. iiniin nuitole Of the pulmoiiaiy vein, dlliitHi anil flUed vltta 
blood : b, alveolar wall In cTosa-sectlon. thickened and contAlnlng an abnormal nnmber 
of Duolel leyldunrti of an tncreaae ofllraue. ■ nhronlo Inlc nlltlal pneumonia^ r, lurbce- 
view of an alvHolar wall, ihoirlng iijmltw abundance of nnclel and a dilatation of the 
eaptllaiirt, evidenced here andclaewbere in thewFtlon by a double rovrnf corpuxilva In 
acaplUarr: d, csTlty of an alveolui; t, alveolus rnncalninfc scrum, red earpunrles. and 
lenrocytu. and alio larRe pigmented cells. Theac are chiefly leiieocytei which have 
lakeu up pigment ITnm the red corpiucleB that have dlBlntegrated— ptaagoeyleB. Bnine 
of theie large celU may be desquniual^il epithelial cell* from the alveolar walls, In 
a ■wu1lc[i and degenerBlt>d eondltlon. The presence of senini Is demonstrated by Iho 
nirt that (he ecUs In the ■Ivcolua are not lying again <it the alreolar walla. The escape 
fit the blirad-corpUBClea from the capillaries is a result of the sluggish clrculalloD. 



those organs and a thickening of their walls, and also frequently 
induces a chronic interstitial inflammution. It may nlsn so impede 
the lymphatic circulation and impair the nutrition of the vascular 
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wnib as to ghe rise to uu cxc<»sive transudution of S4>ruiu nail 
occaaion (cclcnia and ascites. 

Similar cliroiiiu passive hypenemias may follow those inflam- 
matory lesions ill the valves of the heart whiob cause either 
a^luiinatioii and jieniiaiieiit adhesions of tlie valvular curtains, 
eleuosis ; or a L-oiitiiietioii of one or moi¥ of tliose t-urtains', »o tliat 
their jiniiKU" closure is |irevcnted, incompt'tenoy. In either wise the 
Rircnlation is imi>eded and tliu flow of hWxi fixtiu ihc- orgnns behind 
tiie lesion inlorfered with (Fig. 289). 

HKiuiirrliagc is anotlier of the frequent results of dama^. It 
may be n-ei^niKed by the presence of blood ontside of tlie vessels. 
This blood at tirst contains the re<1 and white corpuscles in tbcir 
nununl proportions, but after a lapse of time the clot which farms 
beoomcs infiltrated with leucocytes as the expression of an iaAam- 
nialory n-action induced by the cxtravasated blood. Sutisequenily 
tlif blood disiniof^rates, productive inflammation is induced, and the 
lesion heals, with the production of a acar. This is ofU^n colored 
brown or gray, fri>m the presence of pigment derived from the 
hemoglobin of the red blood-corpuscles. This pigment may be 
in the form of n'<hii«li-brown rhombic crystals, or granules, of 
hffimatoidin ; or it may take the form of small granules of hiemo- 
siderin. The latter substance contains iron, from which the former 
is free, and under the action of sulphuretted hydrogen produced 
by deconn»osition may give rise to sulphide of iron, changing its 
hi-own color to black, and the color of the pigmentation from a 
brown to gome shade of gray. 

Htemorrhago may be among the direct results of damage to the 
tissues, or it may follow necrotic changes in the vascular wall. 
This is a not infrequent occurrence in virulent fiirnis of infection, 
and results in the formation of small, punctiform haemorrhages ; 
for the vessels necrosed are usually of small calibre and surroundetl 
by tissnes sufficiently firm to check the flow of blofkl under ihe 
slight pressure within those vessels (Fig. 290). But more copious 
hiemorrhages may occur in die course of slowly progressing infec- 
tions, notably in pulmonary tuberculosis. It will be remembered 
that the walls of the lai^r vessels are compi^>wd of a dense 
fibrous tissue rich in elastic fibres (Fig. 97). Such a tissue resists 
the necrosing action of tuberculosis for a longer time than the 
more succulent tissues of the Inng. It therefore occasionally Iiap- 
pt-ns that a ca\-ity may be formed by the destruction of the pul- 
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monary tissue, and that through this cavity, or within its walls, a 
pervious vessel of considerable diameter may take its course. After 
a while the wall of this vessel may become sufficiently destn>yed 1j) 
yield before the pressure of the blood within it; rupture may then 
take place, with the effusion of considerable blood, hemoptysis. 
In many eases, however, su(;h a result is prevented by the forma- 
tion of a clot (thrombus) within the vessel before erosion of its 
\vall has gone far enough to threaten rupture. 

Thrombosia. — This term is applied to the formation of fibrin 
within the circulatory system during life. It may take place when 

FiQ. 290. 



Hffimarrbage in the kidney fbllowlng general Infection. (Tiizonl and GlDVKimlni.) The 
lismotrliage liaa lakeo place within the capsule of a Malplghlan body apd part ot the 
eilravoiated blood has passed lnt« the correapondlng urlaEICroua tubule. The filomer- 
ulua has been compressed (to tbe right), an occurience which probably cheeked the 
hfemotrhage. Tbe tluueaafthe glomerulus and of the neighboring tubules are necrotic. 

the circulation in a particular vessel or in a portion of the heart is 
sufficiently sluggish to permit leucocytes and, perhaps, blood-plates 
to collect and remain in one place long enough for their disin- 
tegration to begin. The elements required for fihrin-formatiou are 
then set free and thrombosis results. In this way thrombi may 
form between the columnie carneie in marantic conditions, behind 
the curtains of venous valves, or in the lumina of dilated veins 
within the pelvis. Thrombosis may also occur as the result of a 
roughening of the intima of a vessel or its mechanical destruction, 
as in the tying or crushing of a vessel. 

Thrombosis maybe the result of disease of the vessel-wall, caused 
by infection or malnutrition. The affection of the veins known as 
septic thrombophlebitis may be selected as one of the more impor- 
tant acute lesions of the vessels. This is caused by an infection of 
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tlw \-aficuIar wall, wliich evenluiiUy reaches the intima. Here ft 
fiitnnouA mflaiDination, aDali^iiM to tJiat of a serous mcDihnine 
(|>. 313), id induced. Tlie roughuese of the intima so occns'utocd 
ini!ii(i-s the fomaatiwi uf a thrombus (Fig. 291). Meaavt-hile the 
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Thcnmbopblebllls. InddeDl to cryalpclu at the srm. (K&Dltauuin.| The IhrDmbni orc^ples 
about iTTo-lhirdi of the lamcn of the rein, which li lurranodvd b; areolar llssut- luill. 

Iralt^i] wlih aeriim and leuoiicyli-). 

septic process in the wall of the vessel pr<^resses and extends loto 
the tliromhii", wliidi is softened. The rate of softening may now 
exceed that nf thrombus-formation, in which case the tbrombns is 
broken up, anil particles containing some of the bacteria occasion- 
ing the inflammation gain access to the venous circulation (see 
Embolism). 

Embolism. — The ob^trnetion of a vessel by a foreign body 
brought from a distance by the circulating blood is called embolism. 
The foreign body, or emiiolus, is tisnally a small mass of fibrin ; 
but it may be air, fat (derived, f<ir example, from the medulla of a 
fractured bone), a eaJmn'ons fragment, or a particle of tissue. 

With tiie exeepliori of the branches of the portal vein, the vessels 
obstructed by an embolus are arterial. The results of embolism 
will de|)end, first, upon the anatomical distribution of the vessel 
plu(^d, whether there are anastomotic branches of considerable 
calibre beyond tlie site of the obstructiou ; second, upon the nature 
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of the emboltw, whether it contain pathogenic bacteria or not. In 
the former case the embolus is called a septic, in the latter a bland, 
embolus. 

In septic embolism an acute inflammatiou, similar to that at the 
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l>,iiei>[icpmboll8m. (Bltoh-ntrsthfeia.) The 


pavlty coutalDB rc<l blood-corpu 


arlea kiiil leatotyWs wKh ftiigmenlKtl uuci* 


musplc-flbnw wilhln «nd near (he 


ctLvUy have been killed tai6 many or them dt' 



site of the original lesion, Is induced by the bacteria brought with 
the embolus. If the original inflammation was suppurative, ab- 




EzperlmeTitsI Bnsmlc Inrsrclloa tiC ibe bldne; ; rabbit. (Fok.) a, nrciotlc tlnne Ibrmerly 
supplied by Ihe artery obsHuqtpd ; 6, «unc of alTeclml llBBHe surroundintc the Inlftrct, In 
this nine the renit) tiihulcs contain hyaline cutn. and their lining eplthvllum shnwa an 
Gvnneicenl leiiileuvy to proliferate, gome of the cells coiitBlnliig karyoklnetla flgurti. c, 

scesses, called metastatic abscesses, are formed around eiicb septic 
embolus (Fig. 292). 

Id bland embolism, when there are ample anastomoses between 
the vessel plugged and other vessels beyond the site of the embolus, 
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no Kerious result follows. ThrunilHM'ii^ takea place around the em- 
bolus, but the circulation beyond it is maintained through the aoas- 
toniotic vessels. If, however, the uiiastomoses are not .sufficient to 
Diaintaiu the nutrition of the tissues normally supplied hy the ob- 
strnctod vessel, those tissues suffer necrosis (Fig, 293). Such a 
mass of necrosed tissue is railed an "infarct." 

Infarcts are divided into ansmic and hreroorrhagic infarcts. The 
former occur when the tis-sues are entirely deprived of blcMx] by 
emholism (Fig. 29-3) ; the latter take place when, through innutri- 
tion of the vessels in the part affected by infarction, blood, derived 
from the veins or through capillary or other fine anastomoses, is 
permitted to pass into the interstices of the necrosed tissues. 
These then a|ipear surcharged with blood. The most striking 
example of hieraorrhagic infarction is that following bland em- 
bolism of a branch of tlie pulmonary artery (Fig. 294). 
Fio <H 
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HicinorrliaKli^ [nfa t f hu 1 ng kaafiiiBnn ) llio bcc codIbUw ■ purllon of the 

pluijged vEBacI bcyoad Uie site of the cmboliu. It itiiil the pulmoDnry kircoti am flllcil 
with blood, which, In Ibe latter, hu puavd through the capUUry walla, readeced per- 
vtom by malniitiilloD. This bliyid ma; be derived frnni Ihe pulmonao' velu and *lM 
from the brOQchtal an«ry, which communicKtua with Ihu capUlBrita orthc alvcolw walb. 

FhagocTtocds. — In the preceding pages incidental mention has 
been made of the ability of leucocytes and other amoeboid cells to 
incorporate within their cytoplasm particles of foreign matter with 
which they may come in contact. Such cells within the body are 
called " phagocytes " (devouring cells). It was at one time thought 
tliat these cells had much to do with Ihe killing and destruotioa 
of pathogenic bacteria and other oi^anisms that might gain aoooB 
to the system ; but it is now believed that such is not the oasa. 
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Phagocytes do incorporate bacteria ; but if those bacteria are viru- 
lent, the phagocyte either refuses to take them within its cytoplasm, 
or, after doing so, suffers degeneration or necrosis. It has no pecu- 
liar immnnity against the action of the bacteria. On the other 
hand, it has been shown that the fluids of the body are capable of 
diminishing the virulence of bacteria or of killing them. It often 
takes some time for the production of the substances that have this 
effect, and their elaboration is frequently too tardy to check the 
destructive action of the bacteria. But upon the surface of granu- 
lations, from which absorption is slow or does not take place, the 
effects of the tissue-fluids have been studied and an attenuation of 
bacteria (decrease in their virulence) observed. These attenuated 



Fig. 295. 




Phagoci^tea fromgnnulAtlonilDrected wltbvlnilentanthrsi bacilli, (A&nassIeS'.) a, thread 
of bacilli, partly within and partly ouUide of a phagocj-te. Both portlona (hoir a vaeii- 
olatlon of the bacilli, indicative of Cbelr degeneration, d, thread almnaC entirely Incor- 
porated. Within the cell the Incorporated bacilli He in vacuoles In the cytoplaam ; prob- 
ably digeatlie lacnolen. In b and e almllar appearaiicet are presented, c, degenerating 
thread ofbaclUl from the fluid of the granulations. Vaenolatlon baa alio taken place In 
this tbread, showing tbat the Bnldi of tbe granulations have a deatnicllve Influence upoo 
the bacilli. 



bacteria may be taken ap by phagocytes with impunity and subse- 
quently digested within their cytoplasm (Fig. 295). 

The digestion and removal of degenerated or dead materials 
appear, then, to be the nsefnl r6te played by phagocytes. They 
appear to be the active agents in the absorption of or^nic frag- 
ments, such as fibrin, macerated necrotic tissue, etc., which may be 
present in the tissues of the body (Fig. 296). 

The majority of phagocytes are probably leucocytes, identical with 




FhagocyteB rrom aseptic eraiiul&tioui). iNildroruff.i u, phsgui.-ytL-E vrltli paeiidopodla - B, 
wtllioul psBudoimdla ; F, proliferoliiig, Ihe dBiiglitet-noclel Id the splrem phase of karyo- 
lilueals; A, B, D. Kith Icucocfles, fysgaii'iils of tleaiic, ttnd red oorpiuclea la thnlr cylo- 

those in the Wood and lymph ; ' but it is possible that young cx»n- 
nective-tissue cells, which are believed to possess the ]>ower of amce- 
boid motion, may sometimes play the jiart of phagocytes. 



IV. BEOENERATION OF THE TISSUES. 

Frequent referenee has I>een made to the power po&sessed by 
many cells to restore or regenerate struetures that have been dam- 
aged by infliienees causing either necrosis or degeneration. The 
ability to effect this restoration varies greatly in the cells of different 
tissues, being, iu general, inversely proportional to the d^ree of 
specialization to which they had attained at the time the dama^ 
took place. We must, therefore, consider this process in the dif- 
ferent tissues separately, after taking a general survey of the &ct8 
that apply to all cases of rcgenenition. 

It is needless to say that a cell which has once become necrotic 
is incapable of restoration ; but if the nucleus be sufficiently pre- 
served and enough <'yto[tlusm be left after degenerative changes 
have come to an end, both those cellular constituents may take up 
nourishment and regenerate the parts destroyed. When whole 
masses of tissue have b(H'n killetl, but some of the same form of 
tissue retains life and continuity with the necrose<l portion, the 
dead tissue may be more or less completely replaced by tissue 
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of iiew formation springing from the living portion. If this 
takes place, the cells of the latter portion multiply and reassume 
those formative activities that they possessed during the develop- 
ment of the tissues in earlier life. The division of the cells al- 
ways lakes place by the indirect method^ that of karyokinesis. We 
must not, however, assume that because the cells of a tissue may, 
under the influence of damaging agents, contain karyokinetic figures, 
they must necessarily possess the power of regenerating lost por- 
tions of tissue More than mere observation of those figures is re- 
quired to establish that fact. Such figures are occasionally met ^vith 
in the ganglion-cells of the central nervous system, and they show 
that the nuclei of those cells retain, at least to a certain extent, the 
power of division. But this by no means implies that new ganglion- 
cells, capable of full functional activity, can be produced by the 
division of an adult nerve-cell, and, as a tact, such an ( 



Fig. 297. 




figures indicative of proliferation. 



does not appear to take place. In Fig. 293, zone ft, karyokinetic 
figures are seen in the renal epithelium ; but it is doubtful whether 
they signify the beginning formation of new renal tissue to replace 
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tliat killed iu the ansemic inl'aivl, Such u replacement does not 
take place in the kidney, but a scar of fibroim tissue is formed 
aroinid or in place of the necrosed mass. The karyokinetic figures, 
then, simply demonstrate a tendency toward cell-division, and fur- 
ther observations are Decessary in order to determine the signiflcance 
uf that tendency, 

1. Epithelium. — The regenerations of which epithelium is cajablc 
are very extensive and perfect. In some forms of epithelium — 
c y., the stratified variety and that found in sebaceous glands — 
the regenerative process is a part of the functional activity of tiie 
tissue. After wounds of the skin the epithelium forming the epi- 
dermis regenerates a new epidermis for the injured area. In this 
case the epithelial layer, provided the wound be extensive, is rela- 
tively thin and of low vitality. This is not because the epithelial 
regeneration was imperfect, but because the nourishment it receives 
from the underlying cicatricial tissue is deficient. There is in this 
case a lack of coonlinate development in the regenerations effected 
by the epithelium and underlying fibrous tissues. Remarkable ex- 
amples of a more perfect coordination are exhibited in the regen- 
eration of glands (Figs. 297, 298, and 299), where the regenerating 
epitheliimi and fibrous tissues appear to cooperate in the restitution 
of lost glandular structures. 

The complicated glandular structure of the liver is also capable 
of regeneration when a portion of that organ has been removed 
under aseptic precautions (Fig. 300). Where, however, the de- 
struction is due to damage exciting acute inHammation it is doubt- 
ful whether any regeneration is possible, owing either to the injn- 
rioiis action upon the cells, or to the hindrances interposed by the 
regenerating portions of fibrous tissue in the neighborhood. 

2. Endothelium. — That endothelium is capable of regeneration is 
shown by the formation of young bloodvessels during the develop- 
ment of gran ulat ion- tissue (Figs. 270 and 271). 

3. FlbronB Tissue. — A mode of regeneration of this tissue has be«n 
described in tiie article on inflammation, and is illustrated in Figs. 
269 and 270. This tissue, when fully developed, dtft'ers from nor- 
mal fihrntis tissue in its density an<l freedom from blotxlvessels (Fig, 
273). The regeneration of a tendon severed under aseptic precautions 
result" in a much more perfect restitution of the normal structures. 
Here the cut ends of the fibre show soAcning, swelling, and final 
disintegration of the intercellular substance. Some of the cells ar? 
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Section of regenerating llvtr. (v. Melst«r.) 

also affected by a degenerative process ; but others rejuvenate, mui- 
tio 301 Fio 302 




Phases In the regeneratiOD of m tendon gDlnes pig Bnderlen ) 
Fig. :Xit.— Two dAyH alter section : a, swoUeti Ititercenular subsiance ; b, karyolyals ; t, d, leu- 

cooytea; f, karyoklneais. 
Fli;. WJ.—Seven days after section -. n, nucleua of yoang coDiiective-tissue cell : b, karjolil- 

□vsls; t, Intercellular substance or new Tonnatlon, 

tiply, and eventually produce a hifjlily cellular tissue, which devel- 
ops into tendinous fibrous tissue (Figs. 301, 302, and 303). 
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4. Bone. — When a piece ol' bone dies JVeah bone is produw-d 
tlirotigh a rpjuveiieeocDce of the formative activities of the periosteum 
(or cndostoiim). While this new formation of bone is in prt^reaS 
the fle:«l bone is removed by jihagocytes, which are usually rnulti- 




ndon: guln^B-plE' (Enderl 
nithur blghlf ceUular, but 
le figure Ib thu cnies sectlou of a liloud-ri 



Diieleated, and huve receivwl the name " osteoclasts" (bone-breakers), 
in contradistinction to the bone-forming cells of the periosleunij 
which are known as " osteoblaHtu " (bonc-buildera) (Fig, 304). 





5, Oartilage. — This tissue is cajiable of only a limited and imper 
feet regeneration. Defects in cartilage are usually made good b] 
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the development of fibrous tissue, which may become modified into 
adipose tissue, or by bone-pruditctioD if the damage causes a re- 
juvenescence of periosteum or endosteum. 

6, SmoolitL Moscnlar Tissue. — Non-striute<i muscle-cells are capa- 
ble of miilti|)lication, but in inflammatory couditions the tissue of 
the media of the vessels does not apl>ear to keep ptu-e with that of 
tiie intinia in the prcKluetion of new bloodvessels. The latter, 
therefore, usually lack a muscular coat and are thin-walled (Fig. 
272). In the uterus and other situations smooth rauBcle-cells may 
multiply and occasion a hyperplasia of the tissue. This appears, 
however, to be in response to a functional demand, rather than one 
Fm. 305. Fifi. 306. 




FIr. aoi.—Karyo kinetic Bgures In smociih muse uldr Bbres. (Biimchl.) 

Fig. aiW.— Regt'ucrBlion ot ■ atri&ted miiHclu-flbro. IKIrby.) u, mnalns (ifthu old contntcllle 
■iibiMiice; A, teJQvenatlDK cytoplaimli; IVagincnU, wllh tbelr uucli'l; e, elmUai (Hgrneot 
FuDtitliiliigB bll (if old conlntuttlc aubiiuiiicc snd a uucIbiu In karyolf incite, d. 

of the results of damage: a functional hyperpla-iia. Karyokinetic 
figures have been observe<l in smooth muscle-cells after damage, 
but they do not lead to a restoration of the originsil ti.ssue, which 
heals with the formation of a scar (Fig. 306). 

7. Striated Huscle. — When u striated muscle-fibre undergoes 
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partial d^cneration the cytoplasm around the nuclei that have 
been preserved may increase in amount^ the nuclei may divide, and 
a multinucleated cytoplasmic mass result from the union of thene 
rejuvenated {M)rtions. From this mass new oontiaotile substance 
is then elaborated. This process results in r^enemtion of the 
particular fibre. It is still a question whether new striated muscle- 
fibres are produced in consequence of r^enerative processes follow- 
ing damage. Wounds of voluntary muscles heal through the 
formation of a cicatrix (Fig. 306). 

8. Oardiac Muscle. — Karyokinetic figures have been observed in 
the cells of the heart-muscle, but they do not appear to lead to re- 
generation of that tissue, which heals with the production of scar- 
tissue when woundcnl. 

9. The Nervous Tissues. — Ganglion-cells have not been observed 
to rejuvenate so as to produce fresh nerve-cells ; but if the cell-proc- 
ess forming [)art of a nerve is severed from the cell without serious 
damage to the cell-body, a new process or nerve-fibre is developed 

Fio. 307. 
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Longitudinal .section of a rcgenoratint; ncrvi". (StroolK'.) N, nerve; /*, i>erineuiiuin, con- 
taining more eellij ttian normally ; A'/. phaL'oeytes, containing; Ki(>t>ules of myeliii IVom 
the medullary ^heaths of ili-p-mTated fibres: A', inielei of jiroliferated cells of the 
neurilemma: F, yunuy: axi> c-ylindt-rs ; A'>'. points showim; the relations of the nuclei 
and youuK nerve-libn-s ; //, blitinlvi'ssel in the jH'rinfurium. 

(Fijr. 307). Tlio cells of ihi" n(Mir()^lia arc, on the other hand^ 
e:ipal)le of retrcneratinj^ that tissue. In this res|M'et the neuroglia 
resembles the interstitial tissue of other orpins than tliosc of the 
central nervous system, often increasing in amount when there is a 
diminution in the bulk of the parenchyma, due to disease. 






CHAPTER XXV. 

TUMORS. 

It will promote clearness of conception if the term tumor is 
restricted to abnormal masses of tissue produced without obvious 
reason and performing no function of use to the organism. 

In the introductory chapter an attempt was made to show that 
under normal conditions the parts of the body develop in an orderly 
manner, which fits them for the performance of work useful to the 
whole organism, as well as for maintaining their own nutrition and 
structure. It was also pointed out that parts of the body, when 
occasion arises, frequently fulfil what appear to be their duties to 
the whole body, even if their own nutrition or structure suffers 
in consequence. From these observations we must conclude that 
throughout the life of the individual each part is controlled in its 
activities by influences having direct reference to the well-being of 
the whole body. Those influences control not only the functional 
activities of the tissues after the body has reached the adult state, 
but also control or guide the activities of the cells elaborating the 
body during development. The nature of those influences and 
the mechanism of their control are unknown to us. We are ignorant 
of any reason why the tissues of the body should develop to a cer- 
tain point and then have their nutritive and formative activities 
restricted to a maintenance of the structures then existent. We 
attribute these phenomena to the force of heredity, but the expla- 
nation is incomplete, for that term merely expresses the fact that 
the offspring of an individual develops into a likeness to its parent. 

In the development of tumors these guiding or controlling influ- 
ences are in abeyance, sometimes in greater, sometimes in less de- 
gree. The tissues do not grow to meet a functional demand imposed 
upon them by the needs of the body, as appears to be invariably the 
case in the increase of tissue during the development of the indi- 
vidual. Instances of growth bringing about such adaptation to 
altered demands occur after the body has attained full development, 
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but they are eharactori zed as functiunal hyperplasia or hypertroph; 
Qot as tumor-furmation, and arc arrested when the needs giving r 
to them are met. This limitation of growth does not hold in t 
case of tumors. 

Our knowledge of the normal forces guiding and restricting tt 
development of the tiHsues being so deficient, how can we cxjKvt I 
understand the causes underlying the development of tumors? 
marvel is not that certain cells should occasionally continue to ni 
tiply and exercise their formative powers without reference to 1 
needs of the whole body. The fact that such occurrences are 
rare awaits explanation. Familiarity with what is usual in apt t 
blind us to tlie fact that it is not explained, and when our attca 
tion is directed to what is unusual wc ask an explanation of the ez 
eeption. A knowledge of the etiology of tumors apixaiift to aw 
the acquisition of a deeper insight into the nature of hcreditat 
transmission and of the conditions which that transmission ordi 
narily imposes upon the tissues throughout the life of the individual 

Tnmurs ari.so from the cells of pre-existeut tissues. The fact tha 
those cells in producing a tumor form a tissue which is functionalli 
useless is evidence that the usual guiding influences mentioned 
above no longer c<.)mplctely control their activities. The degn 
in which that control is lost is, however, by no means the eame i 
all cases of turaor-prodnction. Sometimes the tissues of the tumoi 
attain nearly if not quite the complete structural differentia tion j 
sessed by the tissue in which it found origin. In such cases onlj 
that degree of normal control wliich has reference to functtoi 
appears to be abolished, tlie cells retaining their special furmativi 
activities in nearly full measure and producing a tissue resemMinj 
the parent tissue. Such tumors may Ijc regarded as iin expreewcH 
of only a moderate relaxation of I he influences normally controllii^ 
growth. They are clinically Iwnign. 

While such tumors clo.sely simulating normal tissuet^ are of occs 
Honal occurrence, in the majority of tumors the formative poweV 
of the cells from which they develop display certain departures froit 
the normal types of the clas-ses to which they belong, and the strnctai 
of the tumor becomes different from that of the tissue in wfaish j 
arose. This departure from the normal formative activity is usoaSy 
a reversion to a more primitive type of tissue-formation, the conti 
ling influences normally guiding the cells being weakened to suohi 
degree that the tissues produced fail to acquire tlic structural diS 
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entiation of the parent-tissue. This failure in structural diflTeren- 
tiation may be so great that the resulting tumor resembles embryonic 
tissue. Such tumors are clinically malignant, and, in general, it may 
he said that the degree of malignancy is approximately proportional 
to the lack of specialization exhibited by the formative activities of 
the cells. Up to this point we have considered two possibilities in 
the production of tumors : 1. The production of a tumor by cells 
which no longer respond to the needs of the organism in perform- 
ing work for the general good, but which remain subject to the 
influences controlling the structural difierentiation of the parent- 
tissue. 2. The formation of a tumor by cells which are less re- 
strained by normal influences and which exercise their formative 
powers without conforming to the special differentiation exhibited 
in the parent-tissue. This we may regard as a reversion of the 
cells to a less specialized state, in which they exercise their forma- 
tive powers in elaborating tissues corresponding to those normally 
present at some earlier stage in the development of the individual. 

There is a third possibility. The reversion just described may be 
conceived as affecting the cells involved in tumor-production, but 
those cells, instead of forming a tissue corresponding to the degree 
of reversion they have suffered, may become specialized along some 
divergent line of development and produce a tissue more or less 
akin to that of the parent-tissue. Thus a tumor composed of bone 
may be produced within some other form of connective tissue, such 
as cartilage or fibrous tissue. The dissimilarity between the tis- 
sues of a tumor and those of the jiart in which it grows would seem, 
from this point of view, to depend upon the degree of reversion 
that had taken place. Even after a tumor has once been formed, 
portions of it may acquire a different structure, due to reversion on 
the part of some of its cells or a modification of their formative 
activities. There appears to be a limit to the extent of these rever- 
sions. It is found in the early differentiation of the three embry- 
onic layers. Cells derived from the mesoderm, for example, do not 
seem to revert to such an undifferentiated condition that they can 
develop tissues like those normally springing from the epiderm or 
hypoderm. 

A still further complexity of structure may arise from the 
formative tendencies of different cells within the same growth 
developing along different lines of specialization. This occasions 
the production of "mixed" tumors, composed of various tissues 
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arrang^^l in a manner iieimlly quite unlike that of any normal" 
organ. 

In conBoqiicnce of the uiimerouti variations in tiBaue-pr«Kl iiclion 
which may participate in their ilevelopraent it follows tliat tiimoiB 
have a marked itKli^'idllaIity, and that only certain types of more 
frequent occurrence can be (loBcribed. Departures from those typt-s 
will be met with in practice, and they must each be interpn?te<I tii 
aocordunce witli the insight which the obacrvcr can gain as to their 
nature and tendencies. The more atypical the strncture of a gro«-th 
— i.e., the more it departs from the atructiin? of normal adult titvtue 
^— the less likely is it to provt- benign ; the more highly cellular ic is, 
the more likely it is either to grow rapidly or to act injuriously upon 
the whole ot^nism ; for its cellfl derive their nourishment from the 
general wystcm and throw U|X)n it the task of eliminating their waste- 
products. 

Tumors are subject to morbid changes comparable with tho«« 
affecting normal tissues. They may be the seat of intlnninia- 
tion, iiifiitrations, and degenerations. In fact, the more cellular 
forms are exceedingly prone to degenerative changee, due probablv 
to a relative insufficiency of nourishnient eonsecjuent u[>on their 
rapid growth and aclivc mettiboHsm. It is quite likely that the 
products of those degenerations, wlicn absorbed into the Rystem, 
act injuriously upon the general heidth. 

The effects upon the nutrition of the body occasioned by the 
presence of a tumor constitute that part of the clinical picture 
which ts knmrn an "cachexifi,"nnd it, most marked whentlie tumor 
is malignant But cachexia is not neccs.'^rily a sign of maligDant^, 
and is not always present, even when tlie patient has a very malig- 
nant form of tumor. The degree of malignancy is measured by the 
rapidity of growth, the tendency to infiltrate surrounding tissues, and 
the liability to metastasis, and these depend upon the reproductive 
activity of the cells and the extent to which their formative activity 
is displayed in the elaboration of firm intercellular substances. 
Metastasis takes place when cells hrcome detached from a tumor 
and are conveyed to some other jiart of the body, where they find 
conditions favorable for their continued nuiltiplieation. They then 
produce secondary tumors, whicli usually closely resemble the pri- 
mary growth to which they owe their ]tarent-eells. 

It is evident that n microscopical study of a tumor may be 
made the basis of pretty accurate estimates of its nature and ten- 



TUMORS, 345 

dencies. The general character of the tissue composing it can be 
determined ; an approximate idea of the reproductive activity of 
the cells formed ; the tendency to invade or infiltrate the sur- 
rounding tissues, and therefore the probability of the occurrence of 
metastases, estimated ; and the presence of degenerative or other 
changes observed. The knowledge so gained will throw light upon 
the clinical significance of the tumor. It is evident, however, tliat 
all the knowledge required cannot, in every case, be learned from 
the examination of a single piece of the tumor. Some of the neces- 
sary fact8 are best observed at the periphery of the growth, others 
in the central portions, and in mixed tumors the various parts of the 
growth may possess quite different characters. Every tumor must 
be made the object of a special study, if all the information it is 
capable of yielding is to be acquired. 

Before passing to a description of the more common types of 
tumors we must turn our attention for a moment to their classifica- 
tion and nomenclature. 

Tumors are sometimes grouped in two great divisions: 1, the 
" malignant tumors," which threaten life because of the rapidity of 
their growth, their infiltration of surrounding structures, and their 
liability to metastasis ; and, 2, "benign tumors,*' which are essentially 
harmless unless they develop in a situation where they interfere with 
the function of some vital organ, or unless they appropriate so much 
of the nutritive material of the body that the general health suffers. 
This classification is a purely clinical one, and deserves mention only 
because of its medical importance. Therd are many degrees of 
malignancy, and these can be estimated in individual cases only 
with the aid of deductions from the structural peculiarities of the 
particular growths. A classification based upon the structure of 
tumors is, therefore, of greater value than one based merely upon 
their clinical aspects, for it includes that and much more besides. 

If we bear in mind the fact that any form of cell capable of 
multiplying may give rise to a tumor, it will become evident 
that those tumors composed of a single variety of tissue may 
be classified in a manner similar to that in which the normal 
tissues are classified. Such tumors are grouped under the term 
"histioid," to distinguish them from tumors of more complex struct- 
ure not analogous to simple elementary tissues, which are collec- 
tively referred to as " organoid." The histioid tumors are desig- 
nated by names formed from the word indicating the normal 
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tisane they most closely resemble and the suffix "onio," Thuf^ 
a Hbroniu is a tumor cotiHbting osnentially of fibrous tissue— 
(HMinective-titiBiie cells with a fibrous intercellular substance — even 
if the iirrungemont of the tinHiic-elemontfi in not quite like that 
of normal fibrous tissue. A myoma is a tumor composed of raiLt- 
ciilar tissue, with only so much admixture of fibrous tissue as would 
l)e comparable with that found in masses of normal Etiuscle. But 
a» there arc smooth and striated muscular tissues, so there are 
k'iomyoinata and rhabiiomyomata. When a tumor contaius two 
varieties of elementary tissue in such proportions that neither can 
be considered as subsidian* to the other, it receives a compound 
name, in which the most prominent or important constituent ti»< 
sue is placed last, being qualified by tlie name of the less impor- 
tant tissue. Thus there are myofibromata, in which the fibrous ti.'^ue 
is more prominent than the muscular tissue ; and fibroniyoruata, in 
which the muscular tissue predominates. In like manner three or 
more tissues may be designated as forming a tumor by such names 
as osteochondrofibroma, myxochoiidrofibroma, etc, implying that 
the growths are composed of fibrous tissue with an admixture of 
cartilage and bone, or cartilage and mucous tissue, etc. 

The problem of classification is not so simple when we take i 
the consideration of tumors less closely resembling tlie normal 
tissues that are found in the adult body. Those tumors which are 
akin to embryonic tissues still retain names that have come down 
from earlier times, and which were conferred on them because 
of some characteristic visible to the unaided eye. Those of con- 
nective-tissue origin are called sarcomata (singular, sareoma), which 
means tumors of f1e.«hy nature ; and those containing tissues derived 
from epithelium are called careinomata, or cancers, because by 
virtue of their infiltration of the surrounding tissues they possess 
a fanciful resemblance to a crab. The terms sarcoma and carcinoma 
have, in the course of time, become more defined, and are now i 
strictcd to certain well-marked typos of structure. The careinomata 
are composed of fibrous tissue and epithelium, the one derived ori^ 
inally from the mesoderm, the other from either the epidonn or hypo- 
derm. In this dual origin they resemble the viwera of the body,, 
and may, therefore, be regarded as among the simpler members of 
the group of organoid tumors. The most complex memlwre of that 
group are the " teratomata," which contain structures simulatuv 
hair, teeth, bones, etc., arranged without definite order, and of 



present in great numbers. They spring from the reprodiietive 
oi'gsiiis of tlie body, and appear to be erratic attempts at the pro- 
duction of new indivIdiiulM. 

A new formation of bloodvessels accom]Hinies the development 
of tumor?, and these vessels are associated with a supporting con- 
nective tisane which may be conceived as a part of this addition to 
the vascular system of the body, rather than as an integral part 
of the tumor itself. This development of new bloodvessels is 
anal<^UB to that which takes place in the course of some of the 
inflammatory processes, and appears to be brought about iu the 



I. THE CONNECTIVE -TISSUE TUMORS. 

1. Fibroma. — The Mtnicluii; of :i (ihrninii is apt to n?s(>iiible that of 
the particular fibrous tissue in winch it develops. Very soft varieties 
frequently spring from the submucous tissues of the nose, pharynx, 
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and rectum, forming polypoid growths projecting from the surface 
of the mucous membrane. They are composed of delicate bands 
of fibres, loosely disposed to form an open meshwork, which is tilled 
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with a fluid resembling eepum. In the ttuid occanional fibres of 
still more (IclicBte fltnietiire may be seen, together with 1ym|i|ioid 
cells, either isolated or in little groups like impertwiiy foniicil 
iyniph-follielen. The siirface of the gniwth is flinuefl by n layer 
of mthcr denser fibrous tissue, which is covered by n conlinaalion 
(if the epithelium belonging to the mucous membratic. Stmilnr soft 
fibromata sometimes take origin from the Buhcntaneoiis tiftsiies, but 
fibromata of the skin are usually of denser striiclure, the l>ands 
of fibrous tissue being coarser, more compact, and less loosely 
arranged. (Edema may make tJiese tumors look very much like 
the first variety. 

Harder varieties of fibroma take origin fnim such d(>nse forms 
of fibrous tissue as comjHWe the dura mater, the fiLscite, iJeriosteuni, 




etc., and those fibromiita that occur in the uterus are of similair I 
character. They are usually comixised of nodular masses of dense f 
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structure, which are held together by a more areolar fibrmifi tisHUe 
supporting the liirger bloodvessels of the tumor (Fig. 308). Among 
the hardest of the Hbrous new- form atitms is the keloid, which in 
its oldest parts resembles old cicatricial tjssiie, the fibrous ititer- 
eellulur substance being compacted into dense, almost homogeneous 
masses and bands, in which the nuclei of the cells are barely dia- 
eernibl-^ (Figs. .309 and 310). 

Fibromata dn not always have a nodular character, even when 
they are of dense structure. They sometimes occur in a ditl'use 
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form, surrounding and enclosing the structures of the organ in 
which they develop. Such diffuse fibromata of the mammary gland 
are not uncommon, and two varieties may be distinguished : 1, those 
in which the fibrous tissue develojis Ijetween the lobules of the 
gland, separating them from each other by broad bands of dense 
character, the inier/obu/ar form ; and, 2, the tntmlnlnUar form, in 
which the individual acini of the gland are separated and sui^ 
rounded by bands of 6brous tissue (Fig. 31 1). These diffuse fibrora- 
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ata of the breast must not be mistaken for carcinomata, whidi^ 
they superfidally ppsemble when the glaiiduiar epithelium \ias 
undei^ne atrophy due to pressure. In general appeamncM.' iindfr 
the microscope these tibroniata ruBemhle tht outctaue of u chr 
interstitial inflammation, but they do not seem to owe their c 
U> an inflammaUtry procewi. 

Fibromata may undergo localized softening, due to fiittv mefj! 
nmrphosis and necrosis. More frequently they are the sent of cal- 
ciflcation, the lime-salts being dejtosited in granules within liie 
intcreellular substance, ur in little globular masses, variously uggnH 
gated. These calcified portions are apt to acquire a ilifluse bit 
oolor in sections tliat have been stained with lueniotoxylin. 

Mixed tumors, containing fibroui^ tissue aud some other varied 
of cuniiective tissue, or i^mooth muscular tissue, are cotnmoi 
Fibrosarcomata and fibromyxomatu are liable to metastasis ; 
other mixed tumors and pure fibromata are among the most benb 
of the tumors, 

2. Lipoma. — Tumors composed of adipase tissue arise from ] 
existent fat, or from fibrous tissue of the areolar variety. Th( 
structure very closely simulates and is frequently iudistinguishal 
from that of normal fat (Fig. 312). But they reveal their iod 
pendence of the general economy by not being reduced in a 
during emaciation of the individual. They sometimes enter ii 
the composition of mixed tumors, such as lipomyxomata, lipofibro 
ata, and fibroli])omata. They often grow to considerable size, tn 
be multiple, but are not liable to metastasis and are benign. 

Calcification, necroms, and gangrene mny occur in lipomata, I 
are usually confined to those of large size. 

3. Ohondroma. — The cartilage entering into the formation 
ehondnjmata is usually of the hyaline variety, but sometimes fibv 
cartilages are also present, and may, in rare instances eoti 
replace the hyaline form. The structure of the cartilages diSe 
somewhat from that of the normal tyi>eii. Theeolls are less untfiti^ 
in character and in size, are more irregularly distributed tliTOtH 
the matrix, and are frequently enil)eddod in the latter without i 
intervening capsule. The tumor Is rarely composed exclusiTe^l 
cartilage, but is iisnally nodular, the cartilaginous masses beiDgaii 
rounded by a fibrous tissue in which the vascular supply of 1^ 
growth is situated. 

Chondromata generally arise fnjin pre-existent cartilage, bone, i 




Lipoma or the kidney. tBIrah-Hirnchfiilil.) The boundBry between the ■diposo t[Beue of 
the tumor and the reoal tluiie Is iinl sharply defined. Tbc funner oeeuplen the middle 
at the aecliuu anil etleDds to Its lower edge, 

fibrous tissue. Whun they apparcotly spring from bone their true 
origin may be from small remnaiits of cartilage which have escajted 
the normal ossification. 
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Cartilage is a not infrequent eonstituent of mixed tumors, esptv 
cially of the parotid gland or testis, when it is usually associated 
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with mucous and fibrous tissue, adenomatous new fortnations, or 
s,.r.-on,a (Fig. 313). 

( 'liondronmta are subject lo a number of seooadarv changes, the 
most important of which are ; calcification ; conversion into a spe- 
cies of mucoid tissue through softening of tho oialrix and roodi- 
ticntinn of the cells, wliich assume a stellate form ; traD^fortnation 
into an osteoid tissue, resembling buue devoid of eartliy salts; »r 
iuti) :i fiiirly wtU-developt^d calcitied bone {Fig. 314). Local soflfn- 
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liandii und lanilnn ot carlilmii' i" a rJiiitiini ni" iiim din "in! (.iiri.'uwiitiiiia lis 
cinna. irtilch bu rendeniil ttiu tuiooc auhlcrt lo mcUuMBbi. Tlie whulu luu 
bi' culled a rbotidminyinau'ciimi. 

ing of the tumor may also take place through a liquefiictioii of the 
matrix and diBinlegnition of the cella. The latter may also underga 
a fatty degeneration in parts of a tumor which show no signs of 
softening of the matrix. 

Chondromata are classed with the benign tumors, but occasional 
instances of metastii^iis are on record. It is difficult lo tindentaDci 
lnjw lliiM could take place in the case of the hanlcr rhoniJromate, m 
wUich tlio cartilage is siirnfiindcd by a somewhat dense fibrous 
ri-scnil.Iiiig the nornial iK'riehondrium. Where then> is :in admi: 
ore with cither narcomatous or myxomatous tisunes, these 
a malignant charaeter upon the mixed tumor, and it is quit* 
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ble for fragments of cartilage to become detached from the primary 
grotvth and appear iu the secondary tumors, should metastasis 
occur. 

4. Osteoma. — The most important tumors containing bone are 
mixed tumors that are significant chiefly because of their other 
constituents. Small growths consisting of bone alone, either in its 
com|)act or its spongy form, occur in the lung, walls of the air- 
I)as9agcs, and, rarely, in other situations (Fig. 315). Where bony 




new formations spring from pre-*xistent bone — e. g., from parts of 
the skeleton — they are usually the result of some inflammatory proc- 
ess, and are not to be groupe<l among the tumors. 

In mixed tumors bone is frequently associated with fibrous tissue, 
myxoma, sarcoma, and chondroma. 

The structure of the bone in tumors presents slight departures 
from the normal type, just as that of cartilage in chondromata is 
somewhat atypical. The lacunte are apt to vary in size, shape, and 
distribntinn more than in normal bone, and the system of canaliculi 
is less perfectly developed. 

5. llTXOma. — ^The mucons tissue of myxomata has its normal 
prototype in the Whartonian jelly of the umbilical cord. In its 
purest form it consists of stellate or spindle-shaped cells, with long 
fibrous processes that lie in a clear, soft, gelatinous, intercellular sub- 
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alnnct-'euntiuniitg mucin in \-umbk> quantities (Fig. 316). This tifisne 
K closely allied to Llic otiier fornis of couneetive tisaaes and tuiu»r 
Bit! rarely composed of mueoiis tissue alone. There is usually a 
admix tun- with fibroua tissue, boue, cartilage, fat, or eareoma; fonn-l 
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ing fibromyxoma, osteomyxoma, clinndnimyxoma, lipomyxoma, or I 
myxosarcoma (Fig. 317). The flat eiHlnthelial cells of ronnectivej 
tis::«ue also Hometimes proliferate to such bd extent as to form an I 
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appreciable constituent of the tumor, the cells being large, rather ■ 
rieh in protoplasm and fre<iuently multinucleated. When this d«> J 
velopment is pronounced the tumor may l)e designated a myxei 
dolheliuma, and ap^troaclies the myxusareomata iu character. 
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Mucous tissue is best studied in the fresh condition by pressing 
small bits flat between a cover-glass and slide. The processes of 
the cells may then be seen in their continuity ; while, if sections 
are prepared after hardening, many of those processes will be cut 
in such a way that their connections with the cells in the contiguous 
sections are destroyed, and they appear as fibres lying free in the 
intercellular substance. 

Mucous tissue must be carefully distinguished from oedematous 
fibrous tissue. Such oedematous tissue possesses cells of a spindle 
or flat shape, like those usually met with in fibrous tissue; but 
the usual fibrous intercellular substance has a loosened texture, 
due to the presence of fluid between the fibres, which gives the 
tissue a soft, transparent character not unlike that of mucous tissue. 
It must also be borne in mind that fibrous and adipose tissues are 
liable to undergo a mucous degeneration in which the cells assume 
a more stellate form than is usual with those tissues, and the inter- 
cellular substances lose their fibrous character and become more 
homogeneous. Such degenerations are distinguished with difficulty 
from the tissue which originally develops as mucous tissue, but 
they have nothing in common with tumors. 

Myxomata usually develop in fibrous tissue, adipose tissue, or the 
medulla of bone. In association with cartilage they are not un- 
common in the parotid gland. When pure they are benign, but 
their association with sarcoma often gives them a malignant char- 
acter, the degree of malignancy depending upon that of the sar- 
comatous tissue present. 

6. Endothelioma. — The endotheliomata are connective-tissue tumors 
which owe their origin to a proliferation of the flat endothelial cells 
tliat line the serous cavities, line or form the walls of the blood- 
vessels and lymphatics, and are present in some of the lymph and 
otlier spaces of the fibrous tissues. Young cells of this variety do 
not have the membranous bodies that characterize the fully devel- 
oped older cells, but closely resemble the cells of epithelium. It 
follows that in this class of tumors it is not always easy to 
determine the origin of the cells from a mere inspection of 
their shapes and sizes. The situation and general structure of 
the tumor will often decide this point. Epithelial tumors spring 
from pre-existent epithelium, either in some normal site or in an 
unusual situation because of some anomaly of development {e. g.^ 
in the neck, owing to imperfect obliteration of the branchial clefts). 
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Eiidothclionmln, on tlie other band, spring from the cunnpctive tis- 
fiiiee, iiften at a jHjiat remote from any epitbelial structures; «. j, 
ihe ilum ninlur. 

When the cndothelionja owes its origin to a proliferation of the 
flat cells lining the Ivmpli -spaces or vessels it has a plexit'omi strticl- 
ure, tlic young cells oeeiipyiiig prc-t'xistent interstices in the li^ua 
or following the arrangemont of the vessels (Figs. 318 ami 319). 
As the cells grow older they may become flutt«netl, and are then 







Endcitbcltoma from the (lonf nf Ihu moiitli. (BaMli.) Older purtlon of thp RTuivth. Thl* 
hiu ai^ovral nlvooUrttniiniiro. the &lveuLl hviuf Beimntled by ■ vucularlzci] arauliir 
tiame. n, n. ncrnHcd groups orcDdothcllkl celia ; A. h, ■[tnllsr ncorosed niit£s« that haro 
undfiTBone hjalinu deRUiicn«l"ii. 

often imbricateti, forming little, jwarl-likc bodies. These may 
subsequently iindei^ degenerative changes, such as hyaline defen- 
eration, which convert them into homt^neoiis roa,sseg or bands. 
Whore this takes place the tnmor has received the name, "cylin- 
droma." Or the degenerated cells may Ih- the scat of calcnreoiia infil- 
tration. This is the origin of the psnmmnninta or " sand-tnniors " of 
the cerebral membranes (Fig, 320), In oilier cases the cells toiLy 
not ac(|uire the membranous character of adult endothelium, but 
continue to multiply without such special izalion. Then tho tutiHV 
partakes of the sarcomatous nature of the other connective-tiBBQA- 
lumors of highly cellular structure and devoid of any marked' 




Endothelioma from the floor orthi 
Riowlh Into tbe lymph->pace« : 
welt-preserTcd figures are seen I 



moalh. (Bartb.) Section showing the n 
I. kaiyoklnetic figure In an endothelial ct 
1 other portions of Ihe section. 



intercellular substance. This is more particularly the case when 
the endothelial cells in the adventitia of the bloodvessels mul- 




Earlrstages Inlhe fornutlonor a psammuma. (Ernst.) a. Collection of endolhellal cells ; 
h. Eimilar groap showing imbrication of the cells and beginning hyaline degeneration ; e, 
byallne mass containing ■ slight deposit of iofiltrated calcareous matter, appearli^ «■ 

tiply to form the growth. The cells of the growth are then in 
intimate relation with tbe walls of the vessels, and the tumor is 
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dceignal^ as an aogiosarcoma or alveolar ssrcoma, according at tlv 
cells i^how 8 grouping around the vessels or form oollvotioos >y«>- 
pying the meshes between ihom (Figs. 321, 322, aod 323i. 

Tills brief outline of a eom plicated gronp of tumurs will sem 
to show that »«ome members of th»t group closelr simulate f|»- 
tbeliuoiata in their etruoture, (Jiough ihey are quite different in thta 

Fia321. 




^ 



rciEcl closely surrounded by inMliri'ralcil cndoihclium. 
difficult of intcrprelalion. It uijptars most prolAblc that ili origio la; in Uw FroUiets- 
liiin ur the cDd.>tlii.-liiiii] of l)'iur>hHili-s. and that the blood In a. a li doc to '-— — nnira 
lions established betvven the bio<xlvG5ei;ls and elonestrd and anartomaalD( BlTeoU at 

the tumor. The cells of iblii growth contained gljoogen (ice Fig. 249). 

origin ; while other member:- of the group are essentially sarcomata, 
owing their origin to a [Kirtieulnr variety of eonnective-tisBue cells 
and having jx'culiarities of structure due to the situations in whit4i 
those cells normally occur. The significanee of the tnmor will 
depend in each case upon its tendeiiey to grow rapidly and to infil- 
trate the surrounding tissues, and its liability to metastasis. These 
qualities must be estimated by a consideration of the history of 



tile case and the structure and cvidui 
by the tumor itself. 
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H of proliferatiou presented 



M or bono. (Kauftnann Tho lumlun of hloodTe*«cl» are aeon In longiludinal 
And In crtisa-nectlon. Tbey lire "iimmiiiled by u highly collulur lIsBUe. dertveci ttoni the 
pnillfbratlon of the endotheUnm fomnlng Ilje perivui:ular lympbatlo. Huch tumun are 
algocnlliHl " peiitheliomaU." 

7. Sarcoma. — ThtH term includes a variety of tumorH differing in 

the details of their structure and in tficir clinical significance, but 
Fifi. 323. 




Endothelioma ot Ihe thyroid. {Limncher.) In this eiaiaple the vn<1iitbvl!nl cells of the 
(umoi ipring From tliB endolhvtlura of thi; capillary blood resscU, Vurlous Blagea in the 
proliferation of that IIiuUg arc reprvseattd In Ibu Mctloo. 

having in common a generul rcsembtance to imperfectly devel- 
oped or embryonic connective tissue. Such tissues are not infre- 



k 




roLOar of the morbid processes. 

qiientl^' associated with other ueoplasntic tissues of Jiigher differed 
tiation, forniiog luixtxl tiimors; Imt in such cae^s the ti^ue^ uf 
higher tvpe are not the result of a progressive development on 
the [Mirt of the wircomatoiis tissue, for the essential feature ')f ti» 
latter in that it remains in a primitive condition, the formatiTe 
(>owers of its cells being chiefly eonfiiied to u reprodtictioD of 
fresli (»!lls, and not to the elaboration of intt^nx-lliilar substances 
which would convert the tissue into Homo viiriety of adnk 
connective tissue. In this respect, as well as in the absence of 
any nutuml limitation of growth, the sareomata dJSer from the 
tissues of somewhat similar str hich result from the reiuv- 

cneaccnw of connective tissue in roductive stages of inflnm- 

nmtiun Iciultng to repair. Some lorr >i sarcoma closely resemhle 
gmnidHtioD't issue, for both have the ue origin from the cells nf 
tlio connective tissues ; but the two st be sharply distinguished 
from each other, for their teudeucieij , id usefulness are extrenielv 
different. The formation of granulation-tissue has a definite eanw, 
and it uodet^oes a progre8.sivc differentiation into a dense fibrous 
tissue, which terminates the ppoccsa (with the possible, hut notable, 
exception of tiie development of keloid ; which is, however, not 
sarcoma). Sarcoma, on the other hand, arises without a well- 
defined cause, shows no tendency to higher differentiation, and 
continues to grow without any assignable limitations. A further 
difference that may aid in the decision of whether an undifi^eren- 
tiated tissue of connective-tissue tj-pe is sarcoma or due to inflam- 
matory processes lies in the fact that sarcoma has a tendcney to 
infiltrate the surrounding tissues, while the young connective tiesne 
that results from an inflammatory rejtivencsccDce has not'. 

Sarcomata need not necessjirity have the structure of the least 
diffcri'niiated forms of connective tissue. Their cells may show 
a greater differentiation than is found in that tissue, and there 
may be a certain amount of intercellular substance of a fibrous 
or other nature separating the cells. The presence of such a 
fibntus intercellular substance is an evidence that the forma* 
tive activity of the cells is not wholly coiicentrated in the produc- 
tion of new cells, but is [xirtly diverted to the formation of inter- 
cellular material. It Is therefore a sign of less active growth than 
would be the case were there no such diversity of activity. The 
intercellular substances also tend to confine the cells to the growth 
itself, impeding their penetration into the interstices of the aur- 
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rounding tissues (infiltration) and reducing the probability that some 
of the cells will be carried to distant parts by the currents of the 
fluids circulating in the tissues (metastasis). It follows that the 
presence of intercellular substances having these effects must re- 
duce the degree of malignancy of the whole growth if they are 
present throughout its substance. This argument is borne out by 
the results of experience. The sarcomata might be arranged in a 
series according to their degrees of malignancy, beginning with 
those that are most malignant, and have little intercellular substance, 
and cells which are only slightly, if at all, differentiated, and end- 
ing with those that can hai*dly be considered malignant, and which 
have such an abundant fibrous intercellular substance that their 
structure closely agrees with that of fibroma. In fact, no sharp 
line between these sarcomata and the fibromata can be drawn. The 
two classes of tumor merge into one another : they have the same 
origin, and differ only in the behavior of their cells in the exercise 
of their formative activities. Those differences are, however, of the 
utmost clinical importance. 

The sarcomata are classified, according to the characters of 
their component cells, into the round-cell, spindle-cell, giant- 
cell, melanotic, etc., varieties. They are also subdivided ac- 
cording to the way in which those cells are arranged. The 
alveolar sarcomata, for example, consist of groups of cells en- 
closed in the meshes of a fibrous network. These names are, 
however, more descriptive than indicative of essentially distinct 
kinds of tumor, and the demarcation between the different varie- 
eties is not a sharp one. Many sarcomata consist of cells of 
various shapes, either in different parts or intermingled throughout 
the growth. This necessitates the insertion of mixed varieties be- 
tween the above groups of distinct and relatively pure types. Fur- 
thermore, the cells not only differ in shape, but also in size, so that 
a distinction may be made between the small round-cell sarcom- 
ata and the large round-cell variety; but notwithstanding the 
fact that this grouping is somewhat artificial, it has a certain clinical 
value, because it indicates in a rough way the degree of differ- 
entiation attained by the tumor, and for this reason it will be well 
to adhere to this classification and to consider the purer types sepa- 
rately, bearing in mind that the mixed forms of sarcoma possess 
characters intermediate between those of the simpler forms upon 
which the classification is primarily based. 
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a. Small Round-celi, Sarcoma. — This variety presents the 
least degree of structural differentiation. The substance of the tumor 
is composed of small, round ceils with single vesicular nuclei enclosed 
iu very little cytoplasm. They are so closely aggregated that 
they appear to be in contact; but careful examination will oflcn 
reveal a small amount of a nearly 
bomt^neous, nnely granular, or 
slightly fibril la ted intercellular 
substance (Figs. 324 and 325). 
The tumor is supplied with blood- 
vessels having very thin walls. 



la of the 




RmaU round-ct 




Fig, XM.— SeclloD only luodcralL-l)' maRnlfled. Bbowlng Ihe extremely ccUulsr chancier of 
the KTOWlh : the unal frinbllUy of (ho llaeuc Is owinK lo the minimal amount of inter- 
eellular gubsCancc it contaiiiy anil Ihc Intimate relatlntiB between the tisiiae of the tumor 
atiii the walls of relatively lapite. Hi in- walled blood vesnela, 

Ftg.aSS.— Sketch of a rrattment of the tumor, more hlKhlymagniflcd. The cytoplaam around 
Ihe nuclei Ii hardly •KslinKiiiHhnble, and the cells are separated by only a small amount 
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formed of a single layerofcelis, which arc usually more protoplasmic 
than those of fully developed cndothelinni. These vessels may be 
very abundant, but, especially if the tumor has been removed by 
oj)eration, they are likely to be empty and their walls so collapsed 
that tlicy are not easy of recognition. When seen in longitudinal sec- 
tion these emptied vessels appear as a double hue of elongated, some- 
what fusiform cells, lying in close contact with the cells of the rest 
of the tumor. In cross-section they are still more difficult of detec- 
tion, since the swollen endothelial cells then look very much like 
the contiguous cells of the growth itself. 

Where the sarcoma is iniiltniting the surrounding tissues groups 
of the round cells, distinguished from the leucocytes which may be 
present by the character of their nuclei, apjxiar in the interstices of 
the tissue, the formed elements of winch undergo atrophy, cither 
lieeaiise subjectwl to increased pressure or bwaiise their nutrition 
is interfered with (Fig. 326). In this way the tumor increases the 
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t occupies, but the more central portions also grow. 

tage of growth has been attained the older [wrtions 

e liable to iiudergo degenerations or necrosis. 

j^from the structure of this variety of sarcoma, that 

y prone to suffer metastasis. This may take place 

mphatics of the surrounding tissues, favored by the 

^ qualities of the growth; or it may take place through 

(ivoBsels, some of the cells finding their way through the 

{pile of the vessels in the tumor itself, or into the liimina 

r vessels through an infiltration of their walls. In either 




I of these w^ys a generalization of the growth may take place, sec- 
ondary nodules appearing in many parts of the body. 

Round-cell sarcomata of this type are liable to arise in the 
connective fibrous tissue between the muscles, in the fascice, etc. 
They also find their origin in the akin, testis, and ovary. They 
arc among the most malignant of the sarcomata, growing rapidly, 
infiltrating their surroundings, and undei^oing metastasis. 

6. Lymphosarcoma. — This variety of sarcoma differs only 
slightly in structure from the small round-cell form in possessing 
a. somewhat more elaborate stroma, a term which could hardly be 
applied to the small amount of intercellular substance found in the 
latter. In the lymphosareomata the cells closely resemble those of the 
small round-cell variety of sarcoma, but they lie loosely aggregated 
1 the meshea of a reticulum of fibres, many of which constitute the 
processes of stellate cells penetrating the substance of the groin 



and jMM iiiii}; racli ntlier This it'ticiilum in aoraevrhat moi* 

ItmnnuiHttI iinftiiid llie bloodve^i^ls wliicli it Htipporte. The w-it 
may U- shaken mi t nf thii> n-ticulum, if uiic-nibcdded sectioas aiv a^ 
tated widi water (Fig. ;t27). 

Fio. 327. 




En-tloiu from IrmtihisamitDHta. (Ksaflnuui.l flrmeT Tsrjety. 

MroDw: rrom a muHutlnal (iiih't. II, Htlter riety, with a more delicate «tnjtiu. 
ftom alauotol' thesmall iDlesIiae. a. capillar loodti'uel. 

This structure closely resembles that of the lyinphad<?noi<l tissue 
found in the normal Ivmph-nodes, aiid there ia danger of cod- 
fuiiiidiiig the growth with a simple or inflammatory hypcrplariia of 
those organs. This danger is enhanced by the fact that these sar- 
comata frequently find their origin in a lymph-gland or the lymph- 
adtjnoid li&^iie in the mucous membranes. When the enlargt.-ruent 
of the Inland is the result of hyperplasia the superabundant tii^sue 
is oontine<l within the capsule of iho gland, which enlarges a^ its 
contents increase in amount. There is also a history of some 
inflammatory process within the lymphatic province to which the 
gland bclimjrs. Such is not the casic when the inoreaKe of tissue is 
duo to the development of a tumor. The growth usually pierces 
the capsule of the gland, and cannot be traced to inflammatori- 
raiiacs. This penetration of the ca(>sule is an evidence of the in- 
fiUratini; power of llie growth. Like the small round-cell sjir- 
coma, tliis variety is liable to early and extensive metastases, and 
is hardly less malifinant than that form. 

e. Lai«ie HorxiM km, Saii«x>ma. — As the title implies, this 
tumor is composed of lai^er cells than those found in the small 
round-cell sarcomata. The greater size is due to a larger amount 
of cytoplasm, in which are rather large mund or ova! vesicular 
nuclei, usually one in each cell, but not infrequently cells with two 
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:veo more nuclei are ol>served. The intercellular substance is 
more abundant and more dif<tinclly librillated than is the case in 
tiic amall round-cell mircomata, but it is not uniformly distributed 
[ li)ctwec» the individual cellK, These are usually aggregated iu 
1 gTYiups, wliich are surrounded by the denser bands of fibrous tissue. 
From these, little fibrous twigs may nometimes be seen penetrating 
between the individual cells of the group. This arrangement gives 
sections of the growth an alveolar apjwarance (Fig. 328). The 






Large roimd-ceU aaraoma of thp IniiiiH' : n. larxv riund cell conl«1n1nii three nnclol ; b, 
dellcalv llbroua stroinu xupparlintt the clILji of tliv ^rou tti. At llie |>utnl li thla slnnnn 
cdnlnlna a coUapntd capillary hlciodvcasul. The largt round cells are probably of euiln- 
thellnl origin. The gruwth occurred Inn managed Blxty-one yean, and in the eoune of 
eight moDtha had attained the ilze of a blckory-nut. 

fibrous tissue itself may be highly developed, resembling the adult 
form ; or it may be more highly cellular and contain large spindle- 
shaped cells. When this is the case the tumor becomes a mixed- 
cell sarcoma composed of large cells, partly round, partly fusiform. 

The large round-cell sarcomata spring from the same tissues 
that give rise to the small round-cell sarcomata, but it is probable 
that they owe their production in large measure to a. proliferation 
of the endothelial cells of those tissues, and are, therefore, etiologi- 
eally related to the endotheliomata. They grow less rapidly than 
the small reund-cell and lympho-sareomata, and, ns would he ex- 
pected from a study of their structure, they are less prone to 
infiltrate their surroundings or to be sulyect to metastasis. They 
are, to It corresponding degree, less malignant in their clinical mani- 
festations. 

(/. SpiNDi.E-nEf,L SAnroMATA, — The shape of the colls of this 
group of tumors betokens n higher state of differentiation than is 
found in the small round-cell sareomata, the cells having more 
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nearly approached the charaoter of those found in the adult fibrous 
tissues; but although in this respect all the tumors of this group 
are more nearly like the nornial tissues, they differ greatly among 
themselves in regard to the extent to which the formative activitioa 
of their cells are displayed in the production of intercellular sub- 
stances. Some possess hardly more intercellular substance than the 
smalt ronnd-cell varieties, while others have the appearance of a 
rather highly cellular fibrous tissue, the iatercelluUr substances 
being abundant. 

The fusiform colls of the tumor possess oval vesicular nuclei, 
around which is an amount of cytoplasm varying in the different 
individual growths. Sometimes the cytoplasm is abundant, and 
the tumor api^ars composed of large spindle-shaped cells, tapering 
at their ends to form processes of various lengths (Fig, 329). In 
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Large npindle- 



other cases the cells are small and the cytoplasm is reduced to a 
tliiu investment of the nucleus, at the ends of which it rapidly 
dwindles to a very thin fibrous process. The spindle-cell sarcomata 
may, therefore, be divided into large- and small-cell varieties. 

The cells are usuully arranged with their long axes parallel to 
each other, forming bundles or broad bands of tissue, in which tlie 
cells all have the same general position. This din'ction is generally 
the same as that takeu by the blocxlvessels (Fig. 330). These liave 
very thin walls, as in the jtreceding varieties of siirooma, and the 
cells of the tumor appear to be iu direct contact with the outside 
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of the vessels. The cellular bundles may not all lie parallel to 
each other, but frequently are interwoven, so that a given section 
will contain longitudinal, cross, and oblique sections of the indi- 
vidual colls. Such appearances must not be miBtakon for the some- 
what similar asj^jct of sections of mixed-cell sarcomata. 

The spindle-cell sarcomata are among the most common of tu- 
mors. I'hey may arise from any of the connective tissues. When 
they spring from the periosteum they are apt to have an imper- 
fectly formed bony tissue associated with the structure of the sar- 




Spltidle-cell BRTComa. (Rludflebch.) Where the cells of the tumor lie pArallel to the 
plane of the section their iplndle (hape ii manlfeat ; where they ki« perpendicular to 
the plane of tho section their cross-secttooi appear roand. The bloodvessels appear la 
have no proper walls, but to be bouuded by the tissue of the neoplasm. 

coma. They then form ost«osarcomata or osteoid sarcomata, accord- 
ing to the perfection with which the structure of normal hone is 
reproduced. 

In judging of the probable malignancy of a given specimen of 
spindle-cell sarcoma, the rapidity of its growth, as evidenced by 
the number of mitotic figures seen in the cells, and the abundance 
of fibrous intercellular substance, must be taken into consideration. 
As a group, the spindle-cell sarcomata are less malignant than 
the small round-cell sarcomata; but this is because the majority 
of spindle-cell sarcomata have a well-marked intercellular sub- 
stance of fibrous character. Those forms which are almost desti- 
tute of this are hardly less malignant than the small round-cell 
variety (Figs. 331 and 332). 

e. Giant-cell Sarcoma. — This form of sarcoma is charac- 
terized by the presence of large, multinucleated cells lying among 
the other cells of the growth. These giant-^wlls may be scattered 
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Ei«roplc of ■ highly mtlfgiiBtil •plnrtlu-cell rtrronm, HiilnrtlPH^tll ii.fcoin» laRltrMlac^ll 
liver. 1 1. Uvuri-.ain ; 1 • i, Bplndki'cU* uf Ihc Mrtotna : r, rndolheUum of Iho IMn 
lobular csplllarlri. (Eleukclion.) 



pretty uniformly throughout the growth, or they raay be much 
more abiiiidant in some places than in others. The cells with single 
nuclei, among which the giant-cells are found, raay be of the 
spintlie-iiliaped variety, or they raay be polymorphic, in which case 
cells of various shapes and sizes are met with. 

The giant-cell sarcomata are usually derived from the medulla 
of bone. They constitute the most common form of epulis (Fig. 
333), and frequently attain very lai^ dimeualons when they take 




Glanl-cell isrcoros nf the «uperior maiUU: epulis: a. largo (tl«nl-cell, T 

nuclei ; 6, tsngeaUal sccllon cif a Blmllar cell. Anlile fWim Ihe glnut-cells, Ihe growth l» 
(!ompo«ed of splndlu-oella and a niodtralu atnoutit nf a fliiruua Intsrc^llular luloUiuce. 
The lumor was remoTcd ftiim a man forty-oue ycar« of age, and was of alow giowlh, 
having altalucd Ihe «<ir at a fllbvH tu iwu sud a half ycara. 



their origin in the marrow of the larger bones, such as the femur 
or tibia. They are uot, however, confined to bone, but may occur 
in other situations; e. f/,, the breast. 

The malignancy of giant-cell sarcomata must be estimated in 
indiWdual cases according to the principles already elucidated. 

/. MELAN08ARC0MA. — Sarcomata which spring from pigmented 
tissues, such as the choroid of the eye, pigmented moles, etc., fre- 
quently show a pigmentation of tlieir constituent cells, the pigment 
appearing as brown granules of various size within the cytoplasm 
of the cells. The cells are not all equally affected, and many may 
be seen without any sign of pigmentation. The tumors are apt 
to be of the spindle-cell or large round-cell varieties, and are 
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considered b.r nitlier mure malignant tliau the ii on -pig men ted furois 
of those tumors (Fig. 334). 

n. THE MUSGULAE TUMORS. 

Muscular fibres of either tlie smooth involuntary or the striated 
variety may enter into the formation of tumors. Tumors made up 
of the former are called leiomyomnta; those containing striated 
mnscle, rhabdomyoraata. 

1, Leiomyciina. — The cells of the tissue forming leiomyomata very 
closely resemble those of normal smooth muscular tissue, but they. 
may show a greater variation in size. They are arranged in bundle^ 
their long axes parallel to each other ; and these bundles are int«p> 
woven in such a way that sections of the tumor contain longitndiDal 
oblique, and cross-sections of the indi\'idual fibreB{Fig. 335). Between 
the bundles there is a variable amount of fibrous tissue, gi^Hng sup- 
port to the bloodvessels of the tumor. This fibrous tissue may be 
so abundant as to form a large element in the structure of the tumor, 
which is then denominated u fibromyoma. It may, also, occasion- 
ally be imperfectly developed, converting the growth into a. leio- 
myosarcoma. The muscular tissue may undergo a hyaline degen- 
eration and become the seat of calcareous infiltration, or the cells 
may bo the seat of fetty degeneration with subsequent softening, 

Leiomyomata arise in parts which normally contain smooth mus-- 
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oiilar tissue. They are common in the iiterns, but may occur in the 




RbBbdomynsiirrnma nf tbe kLdnty : n.n,.!, tinperfvtlly il(!vel'>iip<] Htristpd niiiscle-flhrea: b, 
lluiie cnmposiMl ofsmill round sad Bpindle-abaped cells, aeparaleil by considerable dell' 
rate flbrou* 1nt«rcp1!iilHr nitatance. In other parti of tbe grontb, which wu the slis 
orthd flal.lbl* Iluue wu morcdlsItDrtlyiiarpDiniitaua uid the unouut or muicular UhU« 
■mkllcr. The chtld from which this tumor was removed woo about two yean old. 

intestinal walk, the iirinnry tract, or the akin. When pure, or when 
associated witli fibrous tissue alone, they are benign. 




IIISTOlOor OF TIIK MORBID PSOCKSSES. 

2. Ehabdomyoma. — Tlie striale*! muscle-fibres of rbabdomyomd 
are oftoii so imi>erfectly developed that theyare difficult of rvcognitioi 
They lire much more attenuated than the normal fibres, mid niavl 
reduced tovt'rynarrowand tapering structures that possess onlv tract 
of BtriuUon. Staining with eosin will often aid their detection amoa 
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the fibres of the connective tissue surrounding them, as it stains the 
contractile substance a coppi'rj'-red. The nuclei of the muscle-cells 
are frequently numerous, and may occupy the centre of the fibre, 
the imperfectly formed contractile substance lying at the periphery. 
In some rare cases the tumor is composed almost exclusively of 
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Btriated muscle-fibres, arranged in irregular, interwoven bands, with 
a little vascular fibrous tissue among them. In other cases the 
muscular fibres are sparsely distributed through the growth, and 
can often be found only after a prolonged search. In these cases 
the tissue in which the muscle is situated is usually some variety of 
sarcoma, when the whole tumor is known as a rhabdomyosarcoma 
(Figs. 336, 337, and 338). Such mixed tumors are most frequently 
found in the geni to-urinary tract, especially in the kidney, and may 
attain very large size. They are apt to occur in the early years of 




Isolated culli from a rhabdoiDToma of the heart, (Ceiarla-Demel.) 



life, an<l are probably due to developmental anomalies. The s 
atous element, which is usually predominant, gives them a highly 
malignant character. 



m. THE ANGIOIUTOUS TUMORS. 

Reference has already been made to the manner in which the 
bloodvessels of a part may proliferate under the influence of the 
inflammatory process, and also to the fact that when tumors 
develop the bloodvessels proliferate in a similar way to form new 
vascular arean within the tumor, from which the latter derives its 
nourishment. These instances of proliferation may be regarded as 
the natural response on the part of the vascular system to the de- 
mand thrown upon it by the formation of new tissues. In a general 
way, they are limited to the needs of the tissues which they supply. 
A vascular proliferation may, however, take place irrespective of 
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any Buch deinand, and continue without any such limitation. 
this way the vascular ttimors, or angiomata, are produced. We 
may regnrd tlieni as springing, not from a single tt^ue or an adven- 
titioriK combination of tissues, but from one of tliose analomicsl 
" systems" iu which several tissues are normally asttociatetl in s 
definite arrangement, and, under normal eonditione, develop ti^ethtr 
to form well-defined stnictures distributed throughout the body. 
There are three such systems of astuiciatcd tissues : the bloodvessels, 
the lymphatic system, and the nervous system. Each of the^e mav 
enter into the formation of an ap™"*'ntly purposeless neoplasm, 
forming the hiemaugiomata, lympht;. mutn, and neuminata. Of 
these, the first two are of vascular chan cter and meso<lerniic origin, 
and their consideration naturally f 'a that of the other tumors 
arising in ti.ssuea of minilar embryoii. origin. 

I, Hnmaogioma. — The bloodvessels ntering into the formation 
of hnimangiomata are usually relative f deficient in the develop- 
ment of their muscular coats. They resemble lai^^ capillaries 
whir}i have been reinforced by a covering of fibrous tissue. Tlie 
ves.sc-ls may He with their walls almost in contact with each other, 
or there may be a considerable amount of interstitial tissue between 
them. It is not always possible to decide in a given case whether 
the vessels are strictly of new formation or not. Masses consisting 
essentially of bloodvessels may arise through dilatation of pre- 
existent vessels, with atrophy of the tissues that normally He be- 
tween thoiu. This is the origin of the angiomata of the liver, and 
many of the angiomata of the skin (nievi) are expliralde in the 
same mannor. In the liver the capillaries of the lobules become 
dilated iind their walla thii'kened, the jiari'iicliynKituus cells between 
them ilisappoaring by atrophy, and, as the capillar}' walls come in 
contact and exert mutual pressure, they may tmdcrgo atrophy, per- 
mitting a communication between their lumina, so that a spongy 
nniss of tissue results, with large cavities filled with blood (Pie. 
3.39). Such "cavernous angiomata" hardly constitute tumors in the 
restricted sense in which that term has been used hitherto. Xhey 
arc rather ectatic states of the vessfcls normally present in the parts 
where they are found. 

Somewhat more akin to the true tumors are the masses which 
arise through elongation and widening of the vessels of a part 
(ancurisma racemosa), for in this case there is a real reproduction 
or growth of the vessels. 
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Angiosarcomata are tumors in which a new formation of blood- 
vessels with a sarcomatous adventitia springs from connective tissue 
either in the general fibrous structures of the body or the interstitial 
tisane of the viscera. Sections of these tumors Bometimes reveal 
thin-walled vessels with a distinct, broad zone of sarcomatouB tissue 
aniund them, resembling aa enormously thickened adventitia of 
embryonic tissue (Fig. 322). In other cases the embryonic tissue 
that represents the adventitia of the separate vessels is fused into 
a mass of sarcomatous tissue lying between the vessels. The tumor 
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is then similar in structure to an ordinary sarcoma, in which the 
vessels are more abundant, perhaps, than is usual. 

When the angiomata have been removed by operation the vessels 
are usually emptied by the pressure that has been exerted upon their 
tissues by the operative manipulations. This condition ofttn gives 
rise to puzzling appearances, when the endothelial cells of the vas- 
cular walls are swollen or richer in cytoplasm than normal adult 
endothelium. Sections of the tumor then look like sections through 
a gland. The true nature of the tubules can generally be deter- 
mined by the ap[«arauce of the lumina, which in the collapsed ves- 
sels is not circular, while in the glands it is nearly so if the section 
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be transverse to the direction of the tube. In glandular tubules the 
epithelial cells are usually well-defined and clearly distinguishable 
from each other. This is not apt to be the case in immature endo- 
thelium. 

2. Lymphangioma. — What has already been said with respect to 
the hsemangiomata applies to the lymphangiomata. Many of these 
tumors appear to be the result of a dilatation of the lymphatic 
vessels normally present in the tissues ; but cases may arise in 
which there is a real reproduction of those vessels. The spaces in 
the tumor are either empty and collapsed, or they contain lymph 
and not blood. The walls of the vessels are frequently thickened 
by the production of fibrous tissue around them. 



IV. THE EPITHELIAL TUMORS. 

The epithelium, which by its proliferation gives rise to tumors, 
may be situated either within a glandular structure of the body or 
upon one of its free surfaces, such as the skin or a mucous mem- 
brane. The tumors which result are not wholly composed of epithe- 
lium. There is always a development of the connective tissue of 
the part, furnishing a vascularized nutrient substratum for the 
epithelium. The epithelium of glandular organs may give rise 
to two sorts of tumors, the adenomata and the carcinomata. The 
stratified epithelium of the skin and some of the mucous membranes 
proliferate to form the epitheliomata. 

1. Adenoma. — In this form of epithelial tumor there is a more 
or less perfect adherence to the structure of a normal gland. When 
adenomata spring from the epithelium of tubular or acinous glands 
the lobules of the tumor are composed of tubes or acini with a 
distinct lining of epithelium enclosing their lumina (Fig. 340). But 
there is almost always some departure from the typical structure 
of a gland ; the lobules may be of unequal size in a more marked 
degree than is usual, the character of the epithelial lining may be 
abnormal, or the distribution and arrangement of the lobules may 
betray an abnormal tendency on the ])art of the growth. The 
latter feature is exemplified in the adenomata of the rectum, in 
which the new-formed glandular structure is apt to penetrate the 
muscularis mucosa} and develoj) abundantly in the submucous coat 
or even in the deeper, muscular tissues of that part of the in- 
testine. 
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The adenomata of the breast deserve a rather close atudy. A 
perfectly simple adenoma of this gland api>car!5 to be a very rare 
growth. There is nearly always an association with diffuse fibroma, 
forming an adenofibroma. These are often cystic, an accurnulatiou 
of a scrons fluid in the acini causing their dilatation (cystic adeno- 
fibroma] (Fig. 341), In other cases the fibromatous tissue grows 
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into the acini, which are enlarged to receive these ingrowths from 
their walls. The ingrowing masses of fibrous tissue are cx)vercd 
with epithelium like that lining the mst of the acinus, a fact which 
would be expected when wo reflect that the ingrowth is a sort of 
intrusion of the wall of the acinus Itself. Sometimes these in- 
growths have a papillomatous character, but more frequently they 
have a globular form and give off globular branches within the 
acinus. Sections of such growths often have a complicated appear- 
ance. Irregular and branching bands of epithelium are seen cours- 
ing through a mass of fibrous tissue. They are the epithelial 
linings of the acini which have bi-en lirought into contact by the 
ingrowths of fibrous tissue, obliterating the luniina of the aeioi. 
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If the tumor is examined raacrof=copically, the iiiprowths may I 
often be lifted from the acini in which they lie. These tumora 1 
have received the mime " intracanalieiilar adoiinfibronia," They 
must be carefully distinguit^hed from the scirrhous carcinomata of 
the breast, which, upon siiperfieial examination, they somewhat 
resemble. 

In examining sections of the breaet with a 




ir idesoflbromB d( tbe breoat. (Kaurmann.) In Ibia Example the lamlnH nt 
adnl have not b«eu ubllteraMd, and a comet Inturpretatlun or tbe uppeBTBiices t"o- 
Is no difflcallr. 



^%* 



L 



380 iiisToLoar OF Tim morbid processes. 

llip question of the existence of a tumor the uormal \'amtioti£ in 
tliat oi^n must be carefully cotisideretl. In the description of the 
ininnal miimmarv gland it was stated lliat the niicroi^^ipical strncl- 
ure differoil greatly according to the functional activity of the 
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organ. It is proper to recur to thosie differences in this coDoedion 
because of the importance of many of the mammary tumors, that 
gland being one of the common sites of carcinoma and adenoma. 



Fid. 346. 




In Figa. 343 to 360 sections of the gland in various BtagM of I 
development and involution are represented. Figs. 343 to 3404 
represent sections from the breasts of nullipara}, apod respectivdyiT 
eighteen and twenty-two years. The parenchyma of the gland hM I 
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a general tubular structure, the acini being in an undeveloped 
state. 

Figs. 347 and 348 show sections of the mammary gland of a 




more highly luBKnlfiud. 



woman, aged thirty-eigbt, who had born five children. The sec- 
tions were taken at the beginning of functional activity of the gland. 
Figs. 349 and 350 represent involuted mammary glands, respec- 




.rj gta d at Ih ben nlnx f liwtatlo modoratelr mBgniHcd- 



tively nine and fourteen months after functional activity had been 
arrested. 

Adenomata are usually of benign character ; but, as is the case 
with all neoplasms, it will not do to conclude that a growth is harm- 
less merely because it can be included in a group of tumors that are 
usually benign. The evidence as to its tendencies revealed by the 
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structure uf each iDdividuol tumor must be cantfuUy weighed before J 
a conclusion as tu its beniguaiicy or maliguancy is rciached. Adea-fl 
omata are benign in proportion as tliey adhere to tlie structure of tfl 
normal gltind of the type which tliey simulate. They appmachl 
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maliguani^y when they become atypical aud show a tendency tOi 
infiltrate their surroundings. The adenomata of the rectum, 
already referred to, are likely to prove malignant, and in their 
structure they show a departure from the simple type of tubular 
gland normally present in the rectum (Fig. 351). They also die- 
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play a marked tendency to infiltrate their surrouudiugs. While 
thoy belong to a group of generally lienign tumors, they poeaess 
an atypical struclure and a power of infiltration that reveal their 
malignant diameter. 

2. Oarcinoma. — The opithelinni of de\'eloping secreting glanda 



first appears as little "lOl d colun ds of epithcl al c lis which spring 
from the epitliebum covering the part and iienetratc the nderlying 
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tissues {sei} Fig. 181). These columns subsequently become hollowed 
to form tubes or aica lined with secreting epith(>lium. In carci- 
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nomata the embryonic state of glsind-formation is simulated by the 
growth, so that n carcinoma may be considered as formed upon the 
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type of a developing gland in tlic same sense as a aarooma >« 
analogous Lo developing connective tissue. 

As a result of this Htructure, sections of carciDomata appear \a 
lie composed of alveoli, which are filled with epithelial celb and 
have walla of fibrous tissue. The character nf the epithelium 
depends chiefly upon the variety from which the tumor sprang. 
The sizes of the alveoli and tlie amount of fibrous tissue that »pa- 
rates them from cjich other vary in different tutnors, and the carei- 
nomata are divided iuto rather ill-defined groups, according to the 
relative abundance of the epithelium they contain as compared vith 
the amount of fibrous tissue They are also subdivided according to 
the character of the epithelium. 

a. Mbdullabv CARCINOMATA (Fig. 352) are tliose in which 

FlfJ. 352, 




tlierc is the least amount of fibrous tissue. The alveoli are usually 
large and filleil with polyhedral cells. The fibrous tissue of the 
alveolar walls may be so reduced in amount aa virtually to serve 
merely as a support to the bloodvessels it contains. Such tumors 
are soft, of rapid growth, and very prime to degenerative changes 
and metastasis. 

ft. Simple carcisomata contain about an equal amount of epi- 
thelial and fibrous tissues (Fig. 353). 

c. Scirrhous carcinomata (Fig. 354) are characterieed by 
small alveoli separated by large quantities of dense fibrous 



The latter may so greatly preponderate over the epithelium that 
there is a possibility of mistaking the tumor for a eimple fibroma. 
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Care must be taken not to confound those earcinomata with the 
intracanaliculur adeoofibromata already dt-.'^cribed. In the careiuoma 




there ia no ingrowth of fibrous tissue into tlie alvcoH, as in the 
e of the adenofibroma. The development of the fibrous tissue in 
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tUv'C i'aiuTr& i« probably indticed by the proliferatioa of the epi- 
tbeliutn, but it e^ometiines happens thut the fibmus tissue fonn- 
iiijj tliK stroinii of the tumor compresses the epitiiclium after ll» 
growth luis attained a certain stage of nuiturity, and causes an 
atrfjpliy of its cclU (atrophying carcinoma). As a result tLe t«iutir 
may suffer a diminutiou in size, but thi8 shriaka^ occurs only in 
tlic older parts of the tumor ; the peripheral portions continue lo 
grow. It i3 no indication of a spontaneous cure. 

Csircinomata are malignant, but differ iu the rapidity of their 
clinical course. Those which are softer — i. r., contain a larger pro- 
portion of epithelium — are of more rapid growth than the harder 
varieties; but they all tend to infiltrate their surroundings and are 
liable to metastasis. The usual mode of intiltratioD is for the pn>- 
liferating epithelium to i>enetrate the lympli-sjxices or Ivniplialic 
vessels of the neighiwring tissues. The cells may advance as solid 
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lymphatiu spuwn of thi- aieulur llaauii bvlu'cen the fbt-cilla. ThB nuclei of loinc of tba 
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columns pushed out from the growth along these lymph-channelg, 
or cells may become detached from the main growth and he car- 
ried by the lymph-current for a greater or less distance from the 
original tumor, to find lodgement iu boiug situation in which tb« 
conditions may be favorable for their continued multiplication 
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I (Fig. 355), The connective tissue of the new site is then induced 
1 to proliferate and form the cancerous ftroma. If this transfer of 
I ce1i» is only for a short distance, the process is calteil infiltratioa ; 
I if the distance is greater, metastasis. It appears, then, that raeta- 
is usnaily occurs through tlie lymphatics, as it is through thetn 
I that the natural extension of the carcinoma takes place. The cells 
f that gain entmnce to the lymphatic vessels are most likely to be 
[ arrested in the nearest lymph-node, giving rise, if they multiply, 

Fio. 366. 




noma or n lymph-gland. (Rlbbert,) EpKhclUl cells Rum the prlmaiy car- 
cinoma bave been carduil hy the Ijtnph -current to the nndv. wlivrc Thuy bavu been 
arre»lrd in Ibe lymph-HiiiuB, Here they have continued to proUferalti, giving origin to a 
lecondary, or metailutlc. uodiilc of carcinoma. 

to a secondary tumor within it (Fig. 3f)6). These secondary tumors 
in the lymph-nodes niay, after a period of development, furnish 
cells for a still wider metastasis. 

Metastasis through the lymphatics is not the only means by 
which carcinomata may become generalized. They may infiltrate 
the walls of bloodvessels, usually veins, and finally discharge 
cells into the blood, ^ving rise to cancerous embolism with a gen- 
eral diffusion of secondary notUiles in the first capillary district 
through which the blood is distributed. In this way multiple 
carcinomata of the liver or lung are produced. The secondary 
carcinomatous nodules usually resemble the primary tumor,'cspe- 
cially as regards the character of the epithelium ; but the relative 
amount of stroma is very frequently considerably less. A scirrhous 
carcinoma may give rise to secondary nodules of medullary car- 
cinoma. The distinction between the different N-arieties is, therefore, 
more descriptive than essential. 

Carcinoma is apt to occasion the development of a cachexia in 
the patient. The reason for this is probably to be sought in the 
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absorption «^ the products of metRbolism firxim the tamn', ntlv 
than in the abstraction of nourishment firom the oigmnum. Ep- 
theliiim, especially of the glandular fornix is a tiflsae of gicat 
chemical activity, and in oarcin(Hnatm there is do speeia] outlet fi» 
the products of tlwt activity, such as is furnished by the dneto uf 
normal glands. It may, therefore, be rwaaonable to infer that At 
products resulting from the chemical activities of the epithelial odb 
must be absorbed into the system, and that they majr injnrioiatf 
atfoct the nutrition and the functions of distant oigsns. Ckran- 
oniata nrc aloo liable to undeifio d^enerations, the prodocts of 
wliich may I>e deleterious to the OTiganism. 

iV form of carcinoma which differs somewhat ia appearuice from 
those that have been mentioned, though it is of essentially the same 
nature, ia the "colloid carcinoma" (Fig. 357). ^lis variety spring! 
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froiii ojvitlicliiiiii titat iukKt noniial conditions secretes mucus. 
Tills Ciiiictinn nnilers llic ri'lls of the caiH'or particularly liable to 
niiK-iiid (kipciitnitiiin, atiii this may lu' so oxtcnsivc as to destroy all 
or iirarly all of the .-('11^ in soino of the alvcoH of the tumor, con- 
viTlinp tlu'iu into a soi'l mucous mass that nsiijillv docs not appear 
qnitc uniform luulor llic mioroscoiK'. The cpitlielinl cells are gen- 
oniHy of columnar fiirni, iirranjrwl, at the iH'riphery of the alveoli, 
with their ends in contact with (lie alveolar wall. This arrange- 
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iiiL-iit of the (wUs is often r^trikingly shown io secondary tuuunt^ m 
the liiri^, in which the colls have appropriated the pulmoiiaiy al\Wi 
fur rhoir struma. 

It ociuiKiormlly hapjieiis that the connective tissue thiit forms ihr 
stniDiH of a carriiioiiia docs not progress in its development t'> ili- 
fonnalion of tibroiiK tissue, but nj^unies a sar(x>niatoti3 chanMi*r 
8iicli tiimof!:; arc calieil "carciuoma sarcoma tosuiu." A more fn~ 
qiient nssrx'ialion is one of carcinoma with adenoma, "adenwar- 
ciuoiua" (Fig. 35H). In these neoplasms, either the twofonn^ui 
Fic>.3(i9. 
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epithelial tumor may i>C(:upy ditl'i rent jxirtions of the growth, or I 
Ihc general chsirucler of the growth may be that of a rather tvpicnl | 
cnrcinonin — I. <:, a rarcinonm f^hnwing indications of a development 1 
beyond the undifferentiated state analogous to an cnibryoni« gland I 
— or that of a mthor atypical adenoma. 
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3. Epithelioma. — This tumor is essentially a carcinoma springing 
from stratified epithelium. Under normal circumstances the cells 
of this variety of epithelium multiply in its deeper layers and are 
gradually pushed toward the surfiicp while they mature. Epithe- 
liumata are produced when the proliferating cells ])enetrate the 
underlying tissues in coliuuns, which ramify through those tissues 
and ultimately appear as the contents of well-cJe6ned alveoli sur- 
rounded by a fibrous-tiaaue stroma similar to that present in car- 
cinomata (Fig. 359). The epithehnm retains its general characters ; 
the cells at the [periphery of the alveoli mulliply, and either furtiier 
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infiltrate the surrounding tissues or crowd each other toward the 
centres of the alveoli as they increase in numlter and size. Here 
they eventually undei^o keratoid transformation, just as they would 
upon the surface of the normal epithelium ; only here they are 
crowded toward the centres of the alveoli, where the homy scales 
become imbricated to form globular masses, called epithelial " pearl- 
bodies" (Fig. 360). The epitheliomata may penetrate into the 
lymphatics and he subject to metastasis in a manner entirely com- 
parable to that already described above. They arc, therefore, 
malignant, though of slower growth than the medullary or simple 
carcinomata, at least during the early stages of tlieir development. 
It should always be borne in mind, when considering the prog- 
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nosis in a case of carcinoma or epitheIioiii% that meiaslaais maj 
take place while the primary growth ia still of very small as, 
even before attention has been called to the ezistenoe of a tomor. 
An examination of the peripheral portion of the g|iowth will often 
throw considerable light upon the probaUlity that this has occnmd, 
by revealing an extension of epithelial cells into the lymphatics of 
the surrounding tissues. C&ses of speedy lecurvence of audi t 
growth after operation are really cases in which tiaaueB that have 
thus been infiltrated have not been completely removed. 

Much has been written within hite yearn advooating tiie theoiy 
of a parasitic causation of carcinomata and epitheliomata. The 
appearances which have led to this belief are probably due to 
degenerative or morbid processes within the epithelial cells of the 
tumor, and not to the presence of parasites ; but further study of 
this subject may show that parasites have the power of causing 
rtjuvenescence of cells and an emancipation from the ordinary 
restraints that regulate their development. 

4. Cystoma. — Attention has been called to the cystic adenomata 
of the mamma. Similar cysts may occur in other r^ions through 
dihitation of cavities normally present in the tissues by some fluid, 
usually of a serous character. It is best to exclude cystic growths 
in which the cystic character is evidently a secondary featui^ of the 
tumor, or where a cyst arises from the retention of a secretion or is 
duo to the accumulation of a fluid in a normal cavity, from the 
group of tumors that are essentially cystic. Thus, for example, 
simple hydrops folliculorum of the ovary should not be classed with 
the cystic tumors of that organ. 

The ovary is the favorite site for cystic tumors of new formation, 
which may coutaiu only a single cavity (unilocular) or several cav- 
ities (multilocular). Histologically, they may be grouped in three 
divisions : 1, simj)l(% in which the walls of the cyst are smooth and 
covered with epithelium ; 2, pa]>illarv, in which there are ingrowths 
from the walls of the cysts into their cavities, either simple or branch- 
ing (Fig. .']()1) ; and, *\, dermoid, which contain structures simulating 
the norniid skin : hair, inij)crfeetly develo]HHl teeth, or other highly 
differentiated tissues, such as hone, etc. In the first two forms the 
fluid in the cvstic cavities mav Ik* s(»rous, mucoid, or colloid ; fre- 
quently it is ditlerent in the various cavities of the tumor. In der- 
moi<l cysts there is often a greasy substance, similar to the sebiun 
of the skin, <lerived from sebaceous glands in the cutaneous struct- 
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BPuk's IVoiii wliifli itL-ciimiilate in Uie cavitj' of the tumor, wbere 
they may be mixed witli sebum (wens). 

5. QUoma. — The tieurogllii, originally of epithelial urigin from 




ge b iiueh ng c ■ e mii 
cellular with & flaelf Knuiular material (tbu i 



the ectoderm, may proliferate to form tumors, called glioniata. 
These differ in their stnictnre acoordiup; to the variations in tvpe 

presented by the glia-cellri eoniposinj; fheni (Figs. 362 and 363). 

V. PAPILLOMATA. 

Before leaving the siihject of tumors it will be necessary to 
devote a few words to the consideration of growths that caanut be 
considered as primarily arising from either opitholinm or connective 
tissues. The papillomata are examples of such growths. Tbeee 
are over-developments of pstpillary structures normally present, or 
spring from mucous surfaces where such etnictures are normally 
either not present or are but poorly developed. 
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A papilloma consists of vascularized fibrous or areolar tissue 
springing from a surface which is covered with epithelium. The 
denser forms which occur — e.g.j upon the skin — constitute "warts" ; 
but much more delicate papillomata may spring from mucous mem- 
branes, such as that of the bladder, and are then known as villous 
tumors or villous papillomata. In many cases the denser forms of 
papilloma appear to be hypertrophies due to irritation. But papil- 
lomata which seem to be true neoplasms or tumors in the restricted 
sense of that term hitherto employed appear to be among the possi- 
bilities of morbid development. 



PART III. 
HISTOLOGICAL TECHNIQUE. 



CHAPTER XXVI. 

PRACTICAL SUGGESTIONS FOR THE CARE AND USE OF 
THE MICROSCOPE.— MICROSCOPICAL TECHNIQUE. 

In selecting a microscope the following considerations are of 
importance : 

The stand should be supported on three points and rest firmly on 
the table; have a rack-and-pinion coarse adjustment, and a fine 
adjustment free from all loss of motion. It is rarely used in an 
inclined position, and a jointed stand is unnecessary. A triple 
nose-piece, or revolver, is a great convenience, and an Abbe con- 
denser with iris-diaphragm is almost indispensable. 

Three objectives are needed : a Leitz No. 3 or No. 4, No. 7, and 
^th or ^th oil immersion, or their equivalents of other manu- 
facture, are suitable powers for general use. Two oculars. No. 2 
and No. 4, will answer. 

The microscope should be protected from direct sunlight and acid 
fumes, and be kept in a dry, moderately cool place. When not in 
use it should be covered or placed in its case, to protect it from 
dust. If the lenses become dirty, they may be wiped with a soft, 
clean cloth or Japanese paper, either dry or moistened with water, 
and followed by a dry cloth or paper. Balsam or cedar oil may be 
removed with a cloth or soft paper moistened with xylol, after which 
the parts should be carefully wiped dry. 

In making microchemical tests special care should be taken not 
to let the reagents come in contact with the objectives. 

Objects should always be examined in a liquid, unless there is 
some special reason for examining them in a dry state ; and should 
be covered ^vith a cover-glass, unless a cursory inspection with a 
very low power is all that is required. 

897 
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I ii a apocimen always use the lowest power that will 

reveal t..>, ctures it ia desired to see; and, in any event, iisc 

a low power lii-at, to get a general idea of tlie topogtapliy of the 
epecimeu. In tliii^ way Uie portions for more minute study can be 
readily solecled, with a great saving of time. 

The proper illumination of the si>ecim('n is jiutt aa itnportant as 
careful fucuHsing. If the Abbe condenser ia in use, employ the 
plane surface of the mirror during the day ; citlier the plane or the 
concave surface when artificial light is used, selecting the sarface 
which causes leas glare. The iri.^diaphragm should be kept ad- 
justed so as to give the best aefi T the E]>cctmcn under exam- 
ination when the latt«r is in t t will be found timt when 
colorless objects are examined ojioning gives the clearest 
picture, while with colored objtL- i^r o[>ening is preferable, 
A small diaphragm serves to brinj the " atnicture-pictupe " ; a 
lar^ diaphragm, the " color-picture lee p. 402). 

A bottle of oil of cedar-wood, ha ig approximately the same 
refractive index as the glass from whi' the cnver-glassce are made, 
is furnished with the imraersion-objectivee. Wlien these are used 
a drop of this oil is placed on the cover, and the end of the objec- 
tive immersed in this drop. This arrangement permits the light to 
pass from the object to the bottom lena of tlie objective without sen- 
sible refraction, increasing the amount of light entering the objec- 
tive, the sharpness of definition, and the purity of the color-picture. 
When the lens lias been used the oil should be removed with a soft 
cloth or Japanese paper. The oil on the cover may be wiped off at 
once, or it may be allowed to dry and then removed with a cloth 
moistened with xylol, 

Microscopical Measurements. — These may be made, with a fiur 
degree of accuracy, by means of an eye-piece micrometer-scole. 
This is a ruled disc of glass that can be placed npon the diaphragm 
within the ocular, where its scale should be well defined when seen 
through the upper lens of the eye-piece. Special micrometer ocu- 
lars are made which permit of focussing the scale, but these are 
unnecessary if the diaphragms of the ordinary oculars are in the 
right places within the eye-piece tubes. The value of the divisions 
of the eye-piece micrometer-scale must be determined by comparing 
it with the scale of a micrometer-slide which is placed upon the 
stage of the microscoiw. These scales usually consist of 1 mm. 
divided into hundredths, and the eye-piece scale will have dif- 
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ferent values for each combination of lenses used and for every 
variation in the length of the microscope-tube. The unit for micro- 
scopical measurements is one-thousandth of a millimeter, or one- 
millionth of a meter ; it is called a " micrometer/' and is desig- 
nated by the Greek letter //. One division of the micrometer-slide 
mentioned above would, therefore, equal 10 //. From these data it 
is possible to calculate the value of each division of the eye-piece 
micrometer-scale in terms of fi for each combination of lenses, the 
length of the microscope-tube being fixed. (Most Continental 
stands and many American stands have graduated tubes, and the 
objectives are constructed for a standard tube-length of 160 milli- 
meters.) 

It is well for the student to get into the habit of estimating the 
sizes of the objects he examines. A good standard for mental com- 
parison is the diameter of the unaltered red blood -corpuscle, which 
is about 7.5 //. 

MICROSCOPICAL TECHNIQUE. 

Useful preparations for study under the microscope may be pre- 
{>ared from tissues in one of three ways : 1, simple scrapings of the 
tissues may be mounted on a slide in the fluids derived from the 
tissues themselves, or in a neutral solution — e.^., 0.75 per cent, salt 
solution ; 2, the tissue-elements, cells, and intercellular fibres, etc., 
may be separated from each other by treatment with some macerat- 
ing-fluid — e. ^., very weak chromic acid (1 : 10,000), 36 per cent, 
caustic potash, \ alcohol ; 3, sections of the tissue may be prepared 
either while they are fresh, with a razor or a freezing-microtome, or 
after hardening. 

The first method has a limited application. It is serviceable 
only when the tissue-elements are so loosely held together that they 
readily separate from each other and can be examined in an isolated 
condition. This is the case with a considerable number of tumors, 
the superficial tissues of mucous membranes, the spleen, etc. If 
the inside of the cheek be scraped with the finger-nail, and the 
material thus removed be diluted with saliva, placed upon a slide, 
and covered with a cover-glass, the squamous epithelial cells lining 
the cavity of the mouth will be readily seen in an isolated state. 
An appropriate dye may now be introduced under the cover, and by 
its means the nuclei of the cells stained, thus bringing them into 
clearer view. 
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When a ample acrapiDg of the natural or freahly oat Bwrhce dcM 
not yield useful preparations, showing isokted tisBoe-elemeDtB, some 
process of maceration may be employed. Bits of the tissue are 
ftviked for a time in some solution that serves to soften the cement- 
mh^itances lying between the elements of the tiasuea, so that they 
nuiy be easily separated with needles (teasing). Suoh speoiniemi 
are usually best examined when mounted on a slide in some of the 
maccrating-fluid. Many of the macerating-solutioiis not onlj fiivor 
the separation of the constituents of tissues, but also preserve them, 
so that a fair idea of their natural siise and shape may be obtained 
from such preparations. It is evident^ however, that with this 
method very little can be learned of their arrangement in the tis- 
sues before they were separated, and a knowledge of that arrange- 
ment is often of greater importance in the determination of the 
character of the tissue than a knowledge of the ezac^ shape and 
si«o of the tissue-elements. 

The third method, that of preparing sections of the tissues, is the 
%Mh^ m<v«t commonly employed, because it yields the most useful 
ivMilt:^ The structural elements composing the tissues are seen in 
^Dw^r natural relative positions, and can be distinguished from each 
nWt am! itlentifie<l by the use of dyes and other reagents that 
^l^-^ ihom in some characteristic manner. But in order to ob- 
^^,\f ^f(*cii\\ !«ivtion8 the tissues must almost always undergo some 
, •.Kf^iY^n- ti>>«tuiont with reagents, to give them a proper consist- 
^v» V i> x-^uiinjr «"<! **^ '*^'^ ^^^ tissue-elements together so that 
•K *\^*'s'*rt!i !sJwll "'>* f'^'l ai)art after they have been cut This may 
V HXNxs»*v*ti^'*! 'V"^' fnn^fing the tissue before cutting it ; but more 
. ^ ,»ss Y^vvults art* obtained by causing a coagulation of the 
»* «.:,xsir^ vM^Vn^m^vs and suhseciuently extracting some or all of 
xs^-n-VHsl iu the tissues. These changes in the tissues 
r^YH'^^ whieh favors the ])rej)aration of very thin sec- 
*>ii^^^^ven they are inadeciuate, and then the tissues 
:« ".vicivMx^l with some snbstanee, like paraffin or col- 
^\ »: u tW*^ iuterstie<'s of the tissues and can then be 
v,^ r «k^vx>vi to hold the tissue-elements together and 
%K** yvMural iK)sitions. The jxiraffin or hardened 
,*.^ .V ti!«?*ui*s and keeps the sections from disinte- 
.'x s *.NX*'^t<^ <h<* Miction, the substance used for im- 
V Ns^A»l iVoui the section, or it may be retained 
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permanently, since it is usually easily recognized in the specimen 
and does not interfere with its study under the microscope. 

The study of tissues by means of sections has the disadvantage 
that the elements of the tissues are cut, and the sections contain the 
resulting portions as well as complete elements. The incomplete 
portions lie near and at the surfaces of the sections, where they are 
in clearest view, while the uncut elements are situated in the body 
of the section, more or less obscured by the overlying portions that 
have been cut by the knife. Moreover, the tissue-elements may lie 
obliquely to the plane of the section, so that only a portion of them 
can be seen at a time, the rest being brought into clear view only 
when the focal plane is raised or lowered. These circumstances and 
the fact that the tissue-elements are frequently closely crowded 
together make the interpretation of sections a matter of some dif- 
ficulty in many cases. These difficulties are in a measure overcome 
by examining sections of different thicknesses, but a more satis- 
factory way of studying the structure of a tissue is to examine por- 
tions after maceration as well as in section. 

The processes of coagulation and dehydration, which have already 
been mentioned as usual preliminaries to the cutting of sections, 
deserve a few words in explanation of their purposes. 

The coagulation of the albuminous substances in the tissues has 
for its chief aim the preservation of the minute structure of the 
tissue-elements, so that a lapse of time or the subsequent manipula- 
tions of the tissues shall not cause an alteration in the details which 
it is desired to study. If this precaution be omitted, the tissues 
undergo post-mortem changes which seriously alter the appear- 
ance of the elements of which they are composed. Coagulation 
brought about for this purpose is called " fixation " of the tissues. 
It may be induced in a variety of ways : the tissues may be sub- 
jected to heat for a few moments, thus rendering the albumins they 
contain both solid and insoluble ; but the more usual procedure is 
to immerse the tissues in a solution of some substance that causes 
rapid death with coagulation. These solutions are called fixing- 
solutions, and not infrequently the substances they contain not only 
cause death and coagulation, but also form a union with some of 
the structural materials of the tissues which may facilitate their 
subsequent recognition. 

The number of formulae that have been devised for the prepara- 
tion of fixing-solutions is very great, and some of the solutions are 

20 
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better for the fixation of some tissues than for others. As a mk^ 
those solutions that most perfectly preserve the finer intraoellakr 
details of structure have very little power of pencstrating maases 
of tissue. They can, therefore, only be employed when very smill 
bits of tissue are to be fixed. Other fiz]ng<-6olation8 penetnte 
much better, but fitil to fix the most delicate stmotares^ which may 
undergo changes before they are preserved. It follows that the 
choice of the method of fixation must in each case depend apon 
the object to be attained. 

The removal of water from the fixed tiasues is aocomplished l^ 
means of alcohol. The fixing-agents are nearly all aqaeous solu- 
tioDSy and wliile they increase the consistency of the tissues to a 
certain extent, they do not usually render them sufficiently firm for 
the preparation of thin and uniform sections. If the water in the 
tissues be replaced by alcohol, a greater and more uniform con- 
sistcney is obtained, and the tissues are also partly prepared for 
impregnation with an eml)edding-material (collodion or paraffin) 
shoukl that be necessary for section-cutting. 

After sections of fixed tissues have been obtained they usually 
require staining before they can be profitably studied. The chief 
reason for this will appear in the following explanation : 

AVhen a si^ecimcn is examined under the microscope differences 
in structure among the colorless elements of the specimen may be 
seen, or differences in color between the different elements may be 
perceptible. Wo may, then, distinguish between a "strncture- 
pictiirc," due to differences that are not those of color, and a " color- 
picture,'' due solely to such differences. The manner in which the 
latter is produced is, perhaps, self-evident. The structure-picture 
is tlio result niainlv of differences in refraction due to the various 
densities of different parts of the sjx'cinien. But the processes of 
fixation and hardening have for their purpose the rendering of the 
tissues of a relatively uniform density. They must, in consequence, 
tend to ()l)lit(»rate the details of the structure-picture which the 
sections yield when viewed under the microscope. For this reason 
the sections are stained, which converts the structure-picture into a 
color-picture. 

The substances composing the tissues have various affinities for 
dyes, and it is possible to take advantage of this in staining sec- 
tions, so that structures of the same nature shall receive one color, 
while those of different composition shall l)e dyed of a different 
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hue or an entirely different color. The coloring-matters, when so 
employed, not only bring out the structure of the tissue by creating 
a color-picture, but they also serve as valuable reagents in revealing 
the nature of the substances to which they impart a color. Again, 
it i^ often necessary that a certain method of fixation or other pre- 
liminary treatment should be used before the particular dye selected 
can display its greatest selective power for a particular substance. 
These facts explain the great number of formulae for stains and the 
preparation of specimens that are found in the technical text-books 
and journals. The subject has become so expanded within recent 
years that it has almost created a distinct branch of learning ; but 
it will only be necessary for the student of medicine to acquire a 
knowledge of a few methods that will serve to reveal the general 
structure of cells and the characters of the intercellular substances. 
The general outline of the procedures in common use for this pur- 
pose are as follows: 1, fixation; 2, hardening; 3, impregnation; 
4, embedding ; 5, cutting ; 6, staining ; 7, dehydration ; 8, clearing ; 
9, mounting. 

Some methods of preparation combine one or more of these steps 
in a single manipulation, thus considerably reducing the time requi- 
site for the completion of the process. Other methods necessitate 
the intercalation of still other manipulations, or the subdivision 
of those already enumerated. 
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1. Miiller's Fluid. — This classic fixing- and hardening-solution con- 
sists of potassium bichromate, 2.5 per cent., and sodium sulphate, 
1 {>er cent., dissolved in water (preferably distilled water). It is 
slow in action, requiring from six to eight weeks for the preservation 
of an average specimen, but with proper care can be made to yield 
excellent results when the finer details of structure are not to be 
studied. It is important to use large quantities of the fluid, at 
least ten times the volume of the tissues immersed in it, and to 
renew the fluid so frequently that its strength shall be constantly 
maintained. When fresh tissues are placed in Miiller's fluid they 
speedily render it cloudy. This is a sign that the fluid should be 
renewed, even if only an hour has elapsed since the tissues were 
placed in it. When cloudiness no longer appears the fluid should 
be renewed once a day for the first two weeks : after that, two or 
three times a week till the process is completed. 
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After fixation iii Miillur*a fluid Bpectmens should bi- wasliwl id 
running water ovlt niglit, or for twenty-four hours, and then hard- 
ened in alcohols of progressively greater strengtlis. While in the 
weaker alcohols spL-cinieaa should be kept in the dark, to avoid 
the formation of precipi tales, which occur under the inHuenec of 
light. Pieces of tissue placed in MuUer's fluid should uot be more 
than 1 cm. in tliickiiess. 

Two excellent modifications of MuUer's fluid have been devijied 
by Zenker and t>rth for the purpose of hastening the fixation wtd 
of sL'curing a more faitliful preservation of structural detail. 

2. Zenker's Fluid. — 



Pota.'wium bichromate, 2.5 grams. 

Sodium sulphate, 1 gram. 

Mercuric chloride, 5 grams. 

Dislillwl water, 100 oc. 



I 



To this stock solution 5 per cent, of glacial acetic acid is in be 
added just before use of the fluid. 

Zenker's fluid fixes tissues in from three to twenty-four hours. 
The pieces should not be more than 5 mm. thick, and after fixa- 
tion should be washed for several hours in running v.'ater and then 
hardened in alcohol. 

This solution posscs-ses the disadvantage that a precipitation of 
mercury or some mercurial compound is likely to take plaee within 
the tissues. This dejiosit may be, at least in great measure, removed 
from the tissues by adding a little tincture of itxline to the Iiarden- 
ing-alcohols. The iodine combines with tlie mercury and produces 
a soluble compound, which is dissolved out by the alcohol. As the 
iodine disappears from the alcohol the latter l)ecome9 bleaehetl, and 
fresh tincture must be added until the alcohol remains permanently 
tinged. If, after sections of the tissue have been prepared, they 
arc found to enntuin a mcrijurial deposit, this can be removed by 
treatment with dilute iodine tincture or with Lugol's solution. 

3. Ortfs Fluid.— 



Potassium bichromate. 


2.5 grams. 


Sodium suli»liate. 


1 gram. 


Distillwl water, 


100 cc. 



This stock solution is Mullcr's fluid. Before use, 10 cc. of for- 
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maldehyde (40 per cent.) is to be added to every 100 cc. of the 
Miiller^s fluid. 

Orth's fluid fixes in three or four days. The pieces of tissue 
should not be more than 1 cm. thick. The time for fixation can 
be shortened if smaller pieces are used and the process is carried 
on at a slightly elevated temperature ; e. </., in an incubator kept at 
37° C. (98.6° F.). After fixation the specimens should be washed 
in running water, as in the previous methods. 

4. Mercuric OUoride Solution. — ^A saturated solution of corrosive 
sublimate in 0.5 per cent, salt solution is prepared by heating an 
excess of sublimate crystals in the salt solution and allowing the 
mixture to cool. The clear fluid is decanted from the crystals when 
desired for use. The penetration and action of the solution are 
favored by the addition of 5 per cent, of glacial acetic acid at the 
time of using. The thickness of the pieces of tissue should not 
exceed 5 mm., and much thinner pieces are better. Fixation takes 
place within six hours, after which the tissues may be washed in 
running water, or placed at once in 70 per cent, alcohol. If acetic 
acid has been used, it is best to wash in water before immersing in 
alcohol. Tincture of iodine should be added to the alcohol for the 
reasons given in the description of Zenker's fluid. 

5. Formaldehyde. — This gas is capable of being absorbed by 
water to form a 40 per cent, solution, but its volatility renders such 
a solution liable to deterioration. The strength employed for fixa- 
tion is usually 4 per cent., and may be prepared by adding 10 cc. 
of 40 per cent, formaldehyde to 90 cc. of distilled water. A 0.75 
per cent, solution of common salt may be substituted for the distilled 
water with possible advantage. 

Formaldehyde penetrates deeply and quickly into the tissues, 
which may be 1 cm. in thickness, and accomplishes fixation within 
twenty-four hours, but the preservation of structural detail is not 
very perfect. The solution is useful where the general characters 
of the tissues are to be determined and the details of the cells are 
of comparatively little consequence. After fixation the tissues may 
be washed in water, or placed directly in 70 per cent, alcohol ; or 
frozen sections may be at once prepared. Satisfactory sections may 
be obtained from small pieces of tissue if they are put in the for- 
maldehyde solution for an hour or two and then cut with the 
freezing-microtome. After they have been washed for a short time 
in water they may be stained by any of the more usual methods. 
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6. Flamming's Solution. — ^This is a solution oontaimng oomic acid| 
chromic acid^ and acetic acid. It does not keep well, and it is best 
to prepare it just before it is to be used. For this parpoee the 
following stock solutions may be kept on hand : 

A. 2 per cent, solution of osmic acid in 1 per cent chromic acid. 

B. 1 per cent, solution of chromic acid in distilled water. 
Osmic acid is sold in sealed tubes containing 1 grum. To prepare 

the stock solution '^ A/' the tube should be washed on the outride 
and a deep file-scratch made near its centre. It should then be 
broken into a bottle containing 60 oc of a 1 per cent, solution of 
chromic acid in distilled water. The halves of the tube should be 
dropped into the bottle and its contents shaken at intervals until 
solution is effected. This solution had best be kept in the dark 
to avoid decomposition of the osmic acid. When required for usCi 
prepare the Flcmming's solution by mixing : 

Solution " A," 4 cc. 

Solution ^* B," 15 " 

Glacial acetic acid, 1 " 

Flemming's solution is especially useful for fixing the finer details 
of structure within the cell. It was devised for the preservation 
of the mitotic figures formed during karyokinesis, but its range of 
usefulness far exceeds that limited application. Its power of pene- 
tnition is very slight and the pieces of tissue selected for fixation 
must be smtill. Thev should not exceed 2 mm. in their least 
measurement, and thinner j)ieees are apt to give better results. 
Owing to th(i presence* of osmic acid, Flemming*s solution stains 
fat a dark-hrown or bhick color, and may be used as a reagent for 
the identification of fattv substances. 

Tissues should l)e left in Flemming's solution for about twenty- 
four hours, though twice that length of time would cause little if 
any harm. They must then he thoroughly washed in running \i-ater 
for tw(*nty-four hours or longer, and hardencHl in alcohol. Since 
Flemming's solution is usually employed for the study of the 
individual cells, it is desirable to prepare v<Ty thin sections of the 
tissues that have been hardened in it. Fortius puriK>se embedding 
in ixirafiin is the best nietliod. 

The foregoing fixing solutions will meet most of the requirements 
of the practitioner of medicine, but it frequently hapiKjns that he 
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would like to obtain speedy results from a microscopical examina- 
tion without running the risk of loss of material or of poor results. 
When this is the case he may use absolute alcohol as a fixing-agent, 
thus taking advantage also of its ability to harden tissues and fit 
them for rapid embedding in collodion. 

7. Absolute Alcohol. — If fresh tissues are placed in strong alcohol, 
say 95 per cent., they are hardened ; but during the process there 
is an opportunity for the albuminous fluids in the tissues to escape 
to a certain extent, and for shrinkage to take place in consequence. 
If absolute alcohol be employed, it causes such rapid coagulation 
that this leaching of the tissues does not take place. It is neces- 
sary, however, that the alcohol should remain of nearly its original 
strength, otherwise the water in the tissues will dilute it sufficiently 
to destroy this coagulating action. 

An excellent means for maintaining the strength of the alcohol 
is to immerse in it a few lumps of quick-lime. Take a small 
jar that can be hermetically closed by a tightly fitting cover 
(a museum jar, holding six or eight ounces, will answer). Place 
the lime in the bottom and then nearly fill with absolute alcohol. 
A few pieces of crumpled filter-paper are placed upon the lime and 
covered with a smooth piece placed so as to slant a little. The 
latter should lie near the surface of the alcohol, but be entirely sub- 
merged. Small pieces of the tissue to be fixed are placed upon the 
filter-paper where they will be covered by the alcohol. The alco- 
hol immediately coagulates the albuminous substances on the sur- 
face of the pieces and then gradually replaces the water in the 
specimen, coagulating the deeper-seated albumins as it penetrates 
the mass. The expelled water sinks to the bottom of the jar, owing 
to its greater specific gravity, and is at once taken up by the lime. 
It is essential for the success of this method that the lime should 
be exceedingly quick. It must show immediate signs of slaking 
if even a drop of water be placed upon it.* 

It will be seen that this method not only fixes the tissues, but 
quickly dehydrates them. The real dehyd rating-agent is, however, 
the lime, the alcohol serving merely as a vehicle for conveying the 
water from the specimen to the lime. If the pieces of tissue are 

^ A jar of absolute alcohol, prepared as above, may be used for purposes of fix- 
ing or hardening until the lime has become slaked or the alcohol so impregnated 
with dissolved fat that the latter interferes with embedding in collodion. When the 
latter is the case the hardened collodion is opaque or opalescent. 
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small, not nvt-r 5 mm. thitk, they will be hardened by rcniainiDg 
in tlifi absolute alcohol over night, and inouat«<l sections may be 
ready for examination by the nest afternoon. 

8. Fixation ty BoUing. — Throw small pieces of the tissue, not 
lai^r than 1 cm., into boiling 0.75 per cent, salt solution. Keep 
them at the temj»eratiire of boiling for two minutes. Then thmw 
them into cold water. They may then be cut with the fteezing- 
miorotome, or may be place<l iu 70 per cent, alcohol for hardening. 
This method is excellent for the dcteetion of albuminous exudates 
within the tisaues, but it canoes so much shrinkage that it is not 
useful for general piirjM>se8. 

Methods of Hardening. 

SolutioDB of chromatee, as MiilliT'rf fluitl, will, af^er a timo, ctm- 
fer a pretty firm consistency ujMin tissues, and even render them 
brittle. Tissues fixed in corrosive sublimate are also very mncfa 
hardened. But the usual practice is to harden specimens in alcohol 
after fixation. To obtain tlie beet results this harrlenin^ should be 
done gradually, since immersion in strong alcohol is apt to produce 
undesirable shrinkage, affecting the various tissue-elements in dif- 
ferent degree. 

Seventy per cent, alcohol (736 cc. 95 per cent, alcohol to 264 ec 
water) ia weak enough to begin with. After the tissues have been in 
alcohol of that strength for twenty-four to forty-eight hours, accord- 
ing to the size of the pieces, they are placed in 80 per cent, alcohol 
(842 cc. 95 per eeiit. alcohol to 158 cc. water) for an equal length 
of time, and then In 95 per cent, alcohol. From the 95 per cent, 
alcohol they are placed in absolute alcohol, if it be desired to embed 
them in either collodion or paraffin. If they are not intended for 
immediate use, they may be kept indefinitely in 80 per cent. alet^oL 

During the hardening it is best not to allow the tissucfi! to rest 
on the bottom of the vessel containing the alcohol, as they are 
liable to slight maceration m the alcohol, which there l^ecomes 
diluted with water from the specimen. They e^n be kept off 
the bottom by mrana of a little crumpled filter-jMiper. Specimens 
that have been fixed in a ehrumate solution should l>e kept in the 
dark while Ixtiug hardened ; those that have been fixed in corrosive 
sublimate should be hardcne<l in alcohols to which a little tincture o£ 
iodine (sufficient to give them a sherry color) has been added. WTien 
absolute alcohol is used, its strength should be maintained by con- 
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tact with quick-lime (see directions for fixing tissues in absolute 
alcohol). 

Methods of Impregnation. 

When tissues are so porous or friable that sections are likely to 
tear or disintegrate it is desirable to impregnate them with some 
embedding-material. The most useful substances for this purpose 
are collodion, or celloidin, and paraffin. Whichever of these is 
used, it is necessary to remove the water from the specimen before 
the impregnation can be accomplished, for both collodion and 
paraffin are insoluble in water. Tissues that have been hardened 
in alcohol are to a certain extent already dehydrated. The residual 
water may be removed or reduced to a trace by treatment with 
absolute alcohol, in which collodion is soluble. 

The " celloidin " manufactured by Schering is an excellent prep- 
aration of gun-cotton, but almostf* equally good results may be 
obtained by using the more economical soluble cottons employed by 
photographers. Two solutions in a mixture of equal volumes of 
ether and absolute alcohol (both, if possible, of Squibb's prepara- 
tion) should be kept in stock : one, a weaker solution, having about 
the consistency of thin mucilage; the other, a stronger solution, 
resembling a syrup. 

Collodion is soluble in absolute alcohol, so that tissues containing 
only that fluid are ready for impregnation without further prelim- 
inary treatment. When thorough impregnation is desired the tissues 
should be immersed in equal parts of ether and absolute alcohol for 
a few days, and then in the weaker solution of celloidin or collodion 
for a number of days or weeks — the longer the better;^ but such 
complete impregnation is often unnecessary, and soaking for a day 
or two will often suffice if the sections to be made need not be very 
thin. It is not possible, in any event, to make very thin sections 
from tissues embedded in collodion ; but sections of large area may 
be obtained, which is often of greater importance. For very thin 
sections it is better to use paraffin for the embedding-material, 
although the resulting sections will have to be smaller. 

Paraffin is insoluble in alcohol of all strengths. It is therefore 
necessarv to remove the absolute alcohol from the tissues before 
they can be impregnated with paraffin. This may be done by 
immersing the tissues in some liquid that is a solvent for paraffin 

^ Impregnation may be greatly hastened if done at the body-temperature in a 
hermetically closed vessel. 



410 HISTOLOQICAL TBCBNIQUEi 

and is also miscible with aloohoL For this pnrpoee, ^lol, chloio- 
form, or oil of oedar-wood may be used. Xylol yields the most 
rapid results, but its use is oontraindicated when it is desired to 
retain fatty substances that have been oolored with osmic add, as 
the xylol extracts them. If their preservation within^ the tisBon 
is important, chloroform should be used ; but the sqjonm even in 
that liquid should be as short as possible. Oil of oedar-wood prob- 
ably causes less change in tissues than ohlorafbrm, but the method 
is more protracted, and, requiring longer treatment in the panffin- 
ovon, probably lias little ultimate advantage over chloroform fiir 
gtMieral purposes. 

If xylol is used, the tissues are transferred from the absolote 
alcohol to xylol, on which they at first float. Subsequently they 
sink, and arc gradually rendered transparent as the alcohol is 
exi>ellcd by the xylol. When there are no opacities left the speci- 
men is ready for the paraffin-oven. These changes take from two 
to twonty-four hours. 

The tretitment with chloroform is similar to that with xylol, bat 
after the tissues have been cleared in chloroform (six to twenty-fbar 
hours) they arc immersed in a saturated solution of parafiBn in 
chloroform for about the same length of time. They are then ready 
for the j>iiraftiii-oven. 

When oil of cedar-wood is used the pieces should be soaked in 
two sneeessive ))ortioiis of the oil, about twelve hours in each, to 
insure n'nioval of the alcohol. 

Tlie foreiroin^ steps are all preliminary to the actual impregnation 
with paraffin. 

It is important that the ])araifin used for impregnation and 
embedding should have a wax-like, and not a crystalline, texture, 
and that its nieItin^-))oint should be such that its consistency will 
1)0 favorable* for euttinjr at the average temperature of the labora- 
torv. (inibler, of Lei))zijr, furnishes excellent qualities of paraffin. 
F()r a rooni-teniperature of 20° i\ (68° Fah.) a variety melting at 
r>()° C. (122° Fall.) will <rive good results. If the laboratory is 
warmer, a paraffin of higher melting-]>oint should be used. 

Impregnation is aeeomj)lished by placing the bits of tissue in a 
l)ath of melted parjitlin maintained at a temjwrature only slightly 
above that of fusion, say r/2° C\ (125.6° Fah.), if the paraffin melts 
at 50° v. (122° Fall.). This may l)e aeeomplished in a water- 
jaeketed oven provided with a thermoregulator, or upon a plate of 
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brass or copper, resting on a tripod and heated at one end by a 
burner. When the latter method is employed the paraflRn is melted 
in a little glass dish, which is moved along the plate until a point 
is found at which the paraflRn remains melted at the bottom, but is 
covered at the edges of the surface with a thin layer of congealed 
paraflfin. 

The length of time that the specimens should remain in the 
melted paraflRn will vary with the character of the tissues and the 
method of getting rid of the alcohol which has been employed. It 
should not be protracted longer than necessary for complete impreg- 
nation, as heat is injurious to the tissues. When xylol has been 
used two hours will usually suffice if the pieces of tissue are small, 
and especially if they are transferred to a fresh paraflRn-bath after 
about an hour. This renewal of the paraffin is still more important 
if oil of cedar-wood has been used. Chloroform requires a little 
more time than xylol, and should be transferred to fresh paraffin 
once or twice. 

When impregnation has taken place and the final bath of paraffin 

no longer has the slightest odor of the clearing-agent the pieces of 

tissue are removed from the bath with warmed forceps and placed 

on bits of writing-paper, to which they adhere. A designation 

of the specimen may be written on these papers, and the tissues 

kept in this condition until required for cutting. They must then 

be embedded. 

Methods of Embedding. 

The object of embedding is to surround the piece of tissue from 
which sections are to be cut with a mass of the embedding-sub- 
stance, which then not only supports the tissue when it comes in 
contact with the knife, but also affixes it to a block or other support 
which can be fitted into the clamp of the microtome. 

Microtomes designed for cutting paraffin usually have special 
supports for the embedded specimen, but blocks of hard wood may 
be used in their place. 

For the support of tissues embedded in collodion blocks of plate- 
glass are probably both better and cheaper than those made of other 
materials. They may be easily prepared from waste pieces of plate- 
glass, about a quarter of an inch thick, and " obscured " or ground on 
one surface. The glass may be cut into blocks of any desired size by 
scoring the smooth side with a diamond and then splitting the pieces 
apart with a sharp blow from a wedge-shaped hammer. The em- 



412 HISTOLOGICAL TECHNIQUE. 

I)cd(lecl gpecimeii i!> affixed to the rough surlace of these blocks bf 
means of collodion, and the blocks may be DUmbered Mn'th n lead 
pencil upon the rough surface. The writing will be preserved fnun 
obliteration by the specimen subsequently placed upou it, and can 
be read through the glass. 

1. Embedding in Collodion (or Celloidin). — Tissues of firm con- 
sistency and motlcrately unifurm structure, such aa liver, kid- 
ney, and the majority of luinurs which have l>een hardenwlj 
may be embedded without previous impregnation. Before this 
can lie done, however, they must bo either dehydrated with abso 
hite alcohol, or soaked for a few hours in a mixture of equal 
volumes of ether and alcohol (95 per cent, alcohol will answer, 
if absolute alcohol is not to be had). For this rapid niclhod the 
bottom of the piece of tissue must be flat and parallel lo the plane of 
the desired sections. When the necessary trimming of the speci- 
men is completed moisten it with absolute alcohol or the ether- 
alcohol mixture, then dip it in tlie thick solution of gun-cottnn and 
plac« it at once upon the ground surface of the glass block (pre- 
viously labelled). In a few minutes the collodion will have evap- 
orated sufficiently for the formation of a distinct pellicle upon its 
surface. When this has become firm enough to withstand gentle 
pressure immerse the block and specimen in several times their vol- 
ume of 80 per cent. alci>hol. This will harden the coIIikHod, and in 
the course of a few hours the specimen will be ready for cutting. 

Tissues impregnated with collodion !iad best be cnil>edded by a 
slower process than the foregoing, uUhough that method will answer 
where only a alight support of the tissue -elements within the speci- 
men is needed. A gradual concentration of the collodion within 
the tissues may be brought about in the following manner: 

Smear the inside of a small, straight-sidwl glass dish with a traet 
of glycerin and then fill it with enough mwlerutely thick collodion 
to cover the pieces of tissue with a layer about one-<iuarter of au 
inch deep. Now place the specimens that have Ijeen in thin collo- 
dion in the dish, with the surfaces from which sections are to be eiit 
resting on tlie bottom. Place the dish in a larger vessel with higher 
sides and loosely cover the latter. The ether and alcohol in the 
collodion will gradually evaponite, and their vapord will first fill the 
outer vessel and then overflow its sides. The depth of the outer 
vessel keeps these vapors in contact with the surface of the colltw 
dion, preventing the formation of a pellicle, which would retaid 
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evaporation and also favor the formation of bubbles in the collo- 
dion. After an interval of one or more days the collodion will have 
a gelatinous consistency. It should be allowed to become so hard 
that it has considerable firmness, but is still soft enough to receive 
an impression of the ridges in the skin when pressed with the 
finger. The outer vessel is then partly filled with 80 per cent, 
ak^ohol so that the whole of the inner dish is submerged. 

By the next day the collodion will be hard enough for removal 
from the dish. With a small scalpel, held vertically, divide the 
hardened mass of collodion into portions, each of which contains 
one of the pieces of tissue (for several pieces may be embedded in 
the same dish, provided care be taken to preserve their identity). 
Remove the pieces and trim down the collodion around the speci- 
mens, leaving a margin of about an eighth of an inch. Trim the 
top surfaces of the collodion parallel with the bottom surfaces, then 
dip the trimmed surface into a little absolute alcohol contained in 
a watch-glass, in order to dehydrate it. This will take about two 
minutes. Label glass blocks with lead-pencil, place a drop of 
thick collodion on the writing, and transfer the embedded specimens 
immediately from the absolute alcohol to the drop of collodion, 
pressing it into contact with the glass. When a good pellicle has 
formed on the collodion drop the whole block into 80 per cent, 
alcohol. If the block of hardened collodion containing the speci- 
men be sufficiently dehydrated on the surfaces coming in contact 
with the drop of collodion, and the latter have not time for the 
formation of a pellicle before it receives the block, there will be no 
difficulty in cementing the embedded specimen to the roughened 
surface of the glass. It is best not to cut sections until the day 
after the specimen has been affixed to the glass block. These 
blocks, with attached specimens^ may be preserved indefinitely in 
50 per cent, alcohol. 

The thin coating of glycerin on the inside of the embedding-dish 
i?erves the purpose of preventing the collodion from sticking to the 
glass. 

2. Embedding in ParafOin. — The specimen should first be trimmed 
so as to have one surface parallel to the plane of the future sections. 
If it is surrounded by too much paraffin to permit of ready inspec- 
tion, it may be placed on a piece of filter-paper and warmed until 
the superfluous paraffin is absorbed by the paper. The trimmed 
.surface is then laid upon a small glass plate that has been smeared 
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with a mere trace of glycerin, and metaUie rig^t-angles, similariy 
smeared^on the inside, are placed around the specimen in snch a way 
as to form a box with a clear space at least an eighth of an inch broad 
between its sides and the specimen. Melted paraffin, at a temperature 
only slightly exceeding that necessary to keep it fluid, is then poured 
into the box, filling it. The paraffin should now be made to cool 
as rapidly as possible, in order to prevent its becoming crystalline. 
For this reason it is well to prepare the box formed by the plate of 
glass and the metallic right-angles in the bottom of a deep soup- 
plate or some similar vessel. After the box has been filled with 
melted paraffin cold Mrater may be poured into the plate until its 
surface is nearly on a level with the top of the box, and when the 
top of the paraffin has congealed the plate may be filled with cold 
water. After a few minutes the box may be taken apart and the 
block of paraffin lefl in the water to become cold. 

These paraffin-blocks may be labelled with a needle and kept 
indefinitely in the dry condition, at a temperature below that at 
which the paraffin softens. When they are to be used the bottom 
of the block should be trimmed parallel with the top, sufficient 
paraffin being removed to obliterate the hollow which formed when 
the paraffin solidified. This trimmed surfisice is then made to ad- 
here to the paraffin-support of the microtome, or a block of hard 
wood, by means of a heated scali)el. 

It often happens that little air-bubbles are present in the paraffin 
elose to the sp<'cimen, or that cracks exist between the specimen 
and the surrounding jMiraffin, owing to the retention of a little air 
at the tiuie of embedding. Tliese defects can be remedied by melt- 
ing the j>aniffin with a heated needle. It is important that the 
paraffin should ev(»rywhcre be in perfeet contact with the specimen. 
When this rejKiiring, if necessary, has been done and the paraffin 
has hooonie cold again, the block should l)e trimmed so that the 
sjK'cinien, or at l(*ast its up|K»r part, is contained in a little cubical 
mass resting on the maiu block, with a margin of paraffin, about 
1 mm. thick at the places where the cnlges of the cube are nearest 
to the specimen. Tliose edges should be straight and at right angles 
to each other, and the sides of the trimmed cube should be vertical. 
In trimming the McK-k only thin slices shcmld be removed at a time, 
in order to avoid cracking the paraffin forming the small cubical 
mass (Miclosing the specimen. 

These manipulations pn^jwire the sixjcimen for cutting. 
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Methods of Gutting. 

It is possible to obtain useful sections from fresh or hardened 
tissues by free-hand cutting with a sharp razor ; for this purpose the 
razor should either be very hollow ground, so as to have a thin 
blade, or the lower surface should be ground flat. In stropping 
the razor, or microtome-knife, the stroke should be from point to 
heel during both the forward and return motions. In cutting, 
the edge should be used from heel to point, and this same motion 
should be used in honing. A wire arrangement is usually furnished 
with microtome-knives, which is intended for use while honing or 
stropping. It serves to raise the back of the knife when the flat 
side is sharpened, and should always be employed. Care must be 
taken not to press the knife against the strop, as this is liable to 
turn or blunt the edge. A few light strokes on the strop immedi- 
ately after each day^s use will keep the knife sharp and coat it with 
a little grease, protecting it from rust. A microtome-knife should 
never be allowed to rest with its edge on any hard surface ; the mere 
weight of the knife is suflicient to spoil its edge. 

In cutting free-hand sections of fresh tissues the upper surface 
of the razor should be kept flooded with normal (0.75 per cent.) 
salt solution. The sections float in this fluid and are kept from 
tearing. Each section should be removed by a single stroke of the 
razor. When hardened specimens are cut, 80 per cent, alcohol 
should be used instead of salt solution. 

Free-hand sections cannot be made either so thin or uniform as 
sections prepared with a microtome, and these instruments are now 
so cheap that they are universally used. There are three principal 
forms: 1, freezing-microtomes; 2, paraflin-microtomes ; 3, micro- 
tomes for cutting sections of tissues embedded in collodion. The 
last are often fitted with attachments intended for use in cutting 
frozen sections, and can also be used for paraflin. But the best 
results are obtained by using instruments especially designed for 
each purpose. 

1. Frozen Sections. — Freezing is usually employed when sections of 
fresh tissues are to be made, but hardened tissues may be cut with 
a freezing-microtome if the alcohol be first removed by soaking for 
a considerable time in water. The tissue may be placed upon the 
plate of the microtome in a little water or neutral salt solution ; but 
a better method is first to soak the tissue in a syrupy solution of 
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giini-urul)ic, iind Xo moisten ttie plate with the same before freezing. 
TiiU solution freezes in less eoarsely cr^'stalline form thao water or 
6!iH jMihitiou. 

When the tissues arc frozcD, thin sections are remo%'ed with a 
qiiiek forward and sUghtly oblique stroke of the knife. The motion 
is intermediate between that of a plane and a single stroke of a i^w. 
The sections iire floated from the knife in a dish of wAter or norma) 
salt solnliau ; or they may be fixed in a 4 per cent, solution of for- 
maldehyde. The frozen tissue must not be too hard. Should tli&t 
he the case, the upper surface may l>e moistened by means of a 
eamel's-hair brush, dipped in water or salt solution, or warmed 
with the breath. 

2. Oollodion-sectdons. — The block ujwn which the embedded speci- 
men is fastened is secured in the clamp of the microtome in such 
a |>osition that tlie sections will lie made in the desired plane. 
The knife is then adjusted on its carrier in an oblique position, so 
that the greatest possible length of its edge will be utilized in cut- 
ting. The upper surface of the knife is flooded with 80 per cent, 
alcohol, and slices are removed with the knife undl the desired 
level of the specimen has been reached. Sections are tiien made 
as thin ae is compatible with obtaining complete sections from the 
whole surface. The sections float in tJie 80 per cent, alcohol, with 
which the knife should be kept flooded, and may be removed with 
a camel's-hair brush. At no time should either the knife or the 
specimen be allowed to dry. The sections may be kept indefinitely 
in 80 per cent, alcohol, or they may be dropijed into water if they 
are to be used within a short time. 

After use, the knife should be carefully wi]>ed, stropped, and placed 
in its case. The microtome should be dried and the tracks moistened 
with a little oil of sweet almonds or piraffin oil, to prevent rusting. 

3. Paraffln-fleetions. — The knife should 1«! fixed perpendicular lo 
the direction of cutting, its edge acting like that of a plane. It* 
surfaces must be clean and dry ; adherent paraffin can be removed 
with a cloth moistened with xylol. 

The paraffin-block containing the specimen to be cut is firmly 
clamped with one of its narrow edges i>arallel to the edge of the 
knife. The block is now raised and moderately thick slices re- 
moved until the desired level is reached, when the thin sections 
desired may be out. It not infrequently happens that the sections 
roll before the edge of tJie knife. This is probably due to the 
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paraffin being too hard. In that case the cutting should be done in 
a warmer room. This rolling will, however, cause little trouble in 
the use of the sections unless it be desired to have them adhere to 
each other at the edges to form ribbons, in which the succession of 
the sections is preserved. 

Before paraffin-sections can be stained it is necessary to remove 
the paraffin. If the tissues are sufficiently coherent, this can be 
done by dropping the sections into xylol or chloroform ; but if this 
would cause a disintegration of the sections, they must be affixed to 
slides or cover-glasses by means of a cement which shall hold the dif- 
ferent parts of the tissues in their proper relative positions after the 
paraffin has been removed. The simplest cement for this purpose 
is Mayer's albumin mixture, prepared as follows : beat up the white 
of an egg and allow the froth to liquefy. Then add an equal bulk 
of glycerin and a few pieces of camphor (for the preservation of 
the mixture). This cement is applied to the clean surface of a 
slide, or, better, a cover-glass, in a very thin layer with the side of 
a camel's-hair brush, care being taken to leave no air-bubbles. 
The paraffin-sections are removed from the knife with a fine 
camel's-hair brush or a small, but rather stiff, feather inserted into 
a handle, and placed upon the coating of cement. They are then flat- 
tened out with the brush or feather and pressed against the glass to 
remove superfluous cement. If the sections have rolled, unrolling will 
be facilitated by warming the sections with the breath. The cover- 
glasses are set aside to dry a little, and are then heated to render 
the albumin insoluble. This requires some practice. The manipu- 
lation is intended to accomplish the following results : the paraffin 
melts at a lower temperature than that at which the albumin is 
coagulated, and this fact is utilized to remove all excess of the 
cement, which is washed away from the tissues by the flow of melted 
paraffin. The residual albumin is sufficient to make the section 
adhere to the glass when subjected to a high enough temperature to 
cause its coagulation. The albumin should be dried to a consider- 
able extent before it is converted by the heat into its insoluble form, 
otherwise it will coagulate in opaque masses. To bring about the 
desired results the cover-glass, held in a pair of forceps, is waved 
over a flame until the paraffin is seen to melt. That tempera- 
ture is maintained for a few moments, and then the cover-glass 
is heated until vapors are distinctly seen to rise from its surface. 
Great care must be taken not to scorch the sections. When the 

27 
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sections have been cemented to them the cover-glasseB are placed in 
absolute alcohol to dehydrate them, and are then treated with xylol, 
chloroform, or some other solvent of paraffin. The solvent is then 
removed by another bath of absolute alcohol, and die aloohd 
removed by water, when the sections are ready for staining. 

When the sections do not require affixing to oover-glasses they 
may be dropped into the solvent for the paraffin, and the latter 
removed with absolute alcohol, for which water is then substituted, 
preparing the sections for staining. It sometimes happens that 
when sections are transferred from absolute akohol to water the 
diffasion-currents are so strong that the sections are destroyed. 
When this is the case the transition must be made more gradually, 
baths of 80 per cent., 50 per cent., and 30 per cent, alcc^ol being 
interposed between the absolute alcohol and the water. 

Methods of Staining. 

A large number of methods have been devised for bringing cot 
the structure of tissues. Many of the methods are of almoat uni- 
versal application, while others require special methods of fixa- 
tion or other preliminary treatment of the tissues. Some are calcu- 
lated to render the general features of structure more evident than 
they would be if the tissues were not stained ; others stain certain 
elements some characteristic color, and, to that extent, serve the 
purpose of microchemical reagents. Only a few of the more useful 
methods can be descril)ed here ; for others the reader is referred to 
the larger text-books and the technical journals. 

1. Hsematoxylin and Eosin. — Hematoxylin, the coloring-principle 
of logwood, has j)rovcd a very useful stain for the nuclei of cells. It 
is not a pure nuclear stain, but also tints the cytoplasm of cells and 
the intoreelliilar substances. It is most commonly employed in 
combination with alum. Such combinations of coloring^matter 
with a base are railed " lakes/' 

A ha»niatoxylin-lake may be used alone, or its use may be preceded 
or followed by the emi>loynient of a counterstain with some diffuse 
color not affecting the nuclei. For counterstaining, eosin or neutral 
carmine is usually employed. Both stain the tissues a diffuse red, 
varying in depth according to the nature of the tissue-elements in 
the section. 

There are several formula) for the preparation of alum-hsema- 
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toxylin, but that devised by Bohmer will answer all purposes, and 
is ver}' simple : 

1. Hsematoxylin crystals, 1 gram. 
Absolute alcohol, 10 cc. 

2. Alum, 20 grams. 
Distilled water, 200 cc. 

Cover the solutions and allow them to stand over night. The 
next day mix them and allow the mixture to stand for one week 
in a wide-mouthed bottle lightly plugged with cotton. Then filter 
into a bottle provided with a good cork. The solution is then 
ready for use. Nearly all solutions of alum-hsematoxylin require 
an interval of time for " ripening," and their staining-powers 
improve with age. 

Alum-hfiematoxylin is intended for staining sections from tissues 
that have been fixed and hardened. It is especially useful when 
the fixing-solution employed contained chromates, but may be used 
after almost any method of fixation, if the time of staining is of 
the right length and the sections are previously freed from acidity 
by thorough washing. 

If the following directions are closely adhered to, the student 
can hardly fail to obtain good results in the use of Bohmer's- 
hsematoxylin : 

Transfer the sections from the 80 per cent, alcohol in which they 
have been kept to a dish of distilled water. At first they will float 
on the surface of the water ; this is a favorable moment for removing 
all folds and wrinkles. The sections should be manipulated with 
platinum needles, prepared by fusing a bit of platinum wire into 
the end of a glass rod. Such needles can be cleaned by heating 
the wire red in a flame. 

When the sections sink to the bottom of the dish of water, and 
remain there, it may be assumed that they are free from alcohol. 

Filter about 5 cc. of the hsematoxylin into a watch-glass or butter- 
dish and transfer the sections from the water to the dye. 

Let the sections stain for three minutes by the watch, and then 
transfer them to a dish of distilled water. At first the sections will 
have a reddish tint, but as the washing proceeds the color will turn 
to a pure blue. During the washing the water should be renewed, 
until finally it acquires no color from the sections and the latter 
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have lost all traces of a red tint. This washing may take sevt 
miDiitee, or evt^n a few hours; but if gcfod, permanent stains an; 
desifbO, it ia of great importance that it be thorough. This wasL- 
ing rotnpleteH the actual staining with hfcmatoxylin, and the sections 
are then ready for counteretaining with eoein or for dehydration. 

The eofiin solution used for diffuse staining is prejjared by dis- 
solving 1 gram of eosin in 60 cc. nf 50 per cent, akwhol. Of this 
Bottition, about ten drops are added to b ce. of distilled water in a 
small dish ; the sections arc stained for about five minutes and thpn 
washed in distilled water. They ar^ then ready for dehydration 
and mounting. The diluted eosin sh Id be thrown away after ubc, 
but the hiematoxylin can be filtered ba ;k into the stock-bottle. 

Since the hematoxylin solution improves with age, no exact 
directiooa can be given as to the le gth of time sections should 
remain in a particular solution. 1 ree minutes will usually jHeld 
good results ; but if it is found that d color is too dark, a shorler 
time should be employed, and vice, versd. One soon becomes famil- 
iar with the staining-powers of the particular solution iised. Tlie 
dishes that have contained hiematoxylin should be washed siM>n 
after use, or may be subsequently cleaned with a little hydrochloric 
acid, all traces of which should then be removed by thorough wash- 
ing in water. 

The above method for staining with hematoxylin and eosin is 
highly recommended for general routine work. 

2. Neutral Oarmine. — 



Carmine, "No. 40," 


1 gnun. 


Distilled wato, 


60 CO. 


Animntiia, 


6 " 



The solution is allowed to remain exposed to the air until the 
odor of ammonia is no longer perceptible. It is then filtered into 
a bottle, where it is kept till needed. 

Neutral carmine gives a diffuse stain, resembling that of eosin, 
but rather clearer in eliaracter. It is employed in a greatly diluted 
form, according to llie following directions : 

One drop of the nctitml carmine is mixed with about 20 oo. of 
distilled water. A trace of acetic acid is then added by dip|Hiig a 
platinum needle into the acid and stirring the diluted dye with the 
acidulated needle. A piece of filter-paper is then placed upon the 
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bottom of the dish, and the sections to be stained are transferred 
from distilled water to the dye and distributed upon the paper in 
such a way that they do not lie over each other. The dye acts 
very slowly, twenty-four hours being none too long for good results. 
If the staining be hastened by using a stronger solution, it suffers 
in sharpness. After staining, the sections are thoroughly washed 
in distilled water, and may then be subjected to a nuclear dye, such 
as hsematoxylin. The proper acidulation of the diluted dye is of 
importance for the success of this method. If the solution is not 
sufficiently neutralized, the sections will not be stained ; if it is too 
acid, precipitation of the carmine will take place. 
3. Alum-carmine. — 



Alum, 


5 grams. 


Distilled water. 


100 cc. 


Carmine, " No. 40," 


2 grams. 



The alum is dissolved in the water with the aid of heat, the 
carmine then added, and the mixture kept at the boiling-point for 
about half an hour. It is then allowed to cool and filtered into the 
stock-bottle. Two or three drops of deliquesced carbolic acid may 
be added to prevent the development of fungi. 

Sections are stained in the undiluted, but filtered, dye for at least 
five minutes. There is no danger of over-staining. It is a pure 
nuclear stain, coloring the chromatin red. After staining, the sec- 
tions are either washed, and are then ready for dehydration, or 
they may receive a counterstain with picric acid, coloring the tissues 
a diffuse yellow. This may be most readily accomplished by adding 
a few small crystals of picric acid to the first dish of dehydrating 
alcohol (see p. 428). 

4. Borax-carmine. — 



Borax, 


4 grams. 


Distilled water, 


100 cc. 


Carmine, " No. 40," 


3 grams. 


Alcohol, 70 per cent.. 


100 cc. 



The borax is dissolved in the water by warming, and the solution 
allowed to cool ; the carmine is then stirred in and the alcohol added. 
After standing twenty-four hours the solution is filtered into the 
stock-bottle, a process that is exceedingly slow. 



k 
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Borax-carmine is used for the staining of little masses of tissue 
before they are embedded. It is a nuclear dye, giving the chromatin 
a red color. It is useful when paraffin-embedding is to be employed 
and it is desirable to restrict the manipulation of the sections to a 
minimum. 

Small pieces of hardened tissues, not over 5 mm. thick, are trans- 
ferred from distilled water to the undiluted dye and allowed to stain 
for twenty-four hours, or longer. After staining they are immedi- 
ately placed in an acid alcohol, prepared by adding 5 drops of con- 
centrated hydrochloric acid to 100 cc. of 70 per cent, alcohol. The 
tissue should not rest on the bottom of the vessel containing the 
alcohol, but upon crumpled filter-paper, so that the extracted excess 
of coloring-matter may sink to the bottom. If the acid alcohol 
around the specimen becomes colored, fresh portions of alcohol 
should be used. The treatment with acid alcohol is continued until 
no more color is given off from the specimen. It is then transferred 
to 90 per cent, alcohol, in which it should remain for twenty- 
four hours, after which it can be subjected to the dehydration neces- 
sary for embedding. 

5. Ortli's Lithio-carmine. — 

Carmine, " No. 40," 3 grams. 

Lithium carbonate, saturated aqueous solution, 100 cc. 

The solution of lithium carbonate is prepared by occasionally 
shaking a mixture of distilled water and an excess of lithium car- 
bonate. Twenty-four hours will suffice for the production of a 
strong enough solution. The suj)ernatant liquid is then filtered. 
Carmine readily dissolves in this solution. For preservation a 
crystal of thymol may be added. 

Lithio-carmine stains sections in about five minutes, and there is 
no danger of overstaining. Like borax -carmine, it requires after- 
treatment with acid alcohol. The sections should be transferred, 
without intermediate washing, to 70 per cent, alcohol containing 1 
per cent, of concentrated hydrochloric acid ; they may then be de- 
hydrated, and, if desired, counterstained with picric acid during the 
dehydration. 

6. Unna's Methylene-blne. — 

Methylene-I)lue, 1 gram. 

Potassium carbonate, 1 " 

Distilled water, 100 cc. 
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When required for use, this solution should be diluted witli dis- 
tilled water to about one-tenth of its strength. It is a good stain for 
bacteria, and may also be used for staining the nuclei of tissues 
either by itself, or after using eosin as a difluse stain. An aqueous 
solution of eosin, 5 per cent., is used for this puriK)se, the sections 
being stained for about five minutes. They are then washed to 
remove the excess of eosin, and stained in the diluted metliylcno- 
blue for about an hour. After tliis they are again washed and 
treated with absolute alcohol, which discharges the excess of blue. 
They are then cleared with xylol and mounted in dammar or 
Canada balsam, dissolved in xylol. The preliminary staining with 
eosin may be omitted, when a contrast- or counterstain is not 
required. 

7. Aqneons Methylene-blne. — This is usually prepared at the time 
when needed by mixing one part of a saturated solution of the ani- 
liu-color in 95 per cent, alcohol with nine parts of distilled water. 
It is frequently employed as a general stain for bacteria. 

Other anilin-colors, such as fuchsin, gentian-violet, methyl-violet, 
and Bismarck-brown, may be kept in concentrated alcoholic solu- 
tion, to be diluted in a similar manner just before use. When these 
solutions are used for staining sections or cover-glass preparations 
the adherent dye is washed off with water, after which the intensity 
of the stain is reduced by the use of alcohol, 96 per cent, or abso- 
lute, which bleaches the portions of the specimen which retain the 
color with the least tenacity. If the action of the alcohol be main- 
tained for too long a time, the color may be discharged from all 
parts of the specimen. The method of overstaining a specimen, 
and then discharging the color from those parts where it is not de- 
sired, is a common one. The process of discharging the color is 
called the " differentiation ^^ of the stain, because it serves to dis- 
tinguish those elements which hold the color strongly from those 
which part with it easily. 

8. Carbol-ftichsfaL — 

Saturated alcoholic solution of fnchsin, 10 cc. 

Aqueous solution of carbolic add crystals, 5 per cent., 90 cc. 

This solution should always be carefully filtered before use. 

9. Anilin-gentlaii'Tiolet. — A. Ehrlich's formula: 

Saturated alcoholic soluti^m rjrf getitian* violet, lAee, 

Freshly prepared anilin-wat^r, 8*5 ee* 
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^*p^ ;iittl{iiHmter is prepared by Rhaking a few drops of anilin 
^tiM iH4ilH«l water, allowiiig the mixtare to stand for about ten 
t^A^^itvs. ^udB then filtering through well-moistened filter-paper. 
**t)H: 'ittmw :<feMMdd contain no globules of the anilin. In order to 
wv*«tia ihi«>- d)M^ filtration should be stopped before all the watery 
ii44> U cbti luixture has run through the paper, otherwise oily drops 
>jk ukiUit wilt follow. 

l^i>MiiHta»A?t^ are likely to occur in this gentian-violet solution 
n^mk'm it itv tirst prepared. After twenty-four hours these are less 
.U?sfcfcKlattf> The s<olution deteriorates soon after that time, and 
>i)MU4d tKX be u^ more than a week after its preparation. 

U; ^r(iii|j:V formula : 

iteutian-violet, 5 grams. 

AK\>hol, 10 CO. 

Auiliu, 2 cc 

l^saiUeil water, 88 cc. 

t'hiai siL>IutK>u ktv))8 better than the preceding. Both most be 
uKu\l vHUVtullv through moistened filter-paper inunediately before 

K'Ut^ UM\t. 

\K.K QvaHk*t 8i>latl<m. — ^This is a differentiating agent used in con- 
'ivviu»« N*ith uuiliu-gentiau-violet : 

lvKHm\ 1 gram. 

t\>(ussiuin iinlide, 2 grams. 

l^isulU^l wator, 300 cc. 

l^w -»jKviiuoa.s iuv first ovorstained \vith the gentian-violet solu- 
u'.{. riK\ ;MV thou wjisIkhI in water and placeil in Gram's solution 
vv iviu ih»\v to Hvo ininutos. While in this solution they turn a 

V vx\ I .\»!i»r. Mid iho ivnihination between the coloring-matter and 

. ': ills- v'Uinoius of the specimen is loosened. The specimen 

.\s t i.r.i^ivMu^l to \^'^ jKT cent, alcohol, in which it remains until 

■ V vv!i»r i> s^i\on i»tV. If sufficient color has not been removed, 

> Lvvi uuui wiili iiram's solution and alcohol maybe repeated. 

V ;v .1- vliiKivmiatiou the tipeeimen may be dehydrated, cleared, 

• ' ..lUil . v»i :k ooutra^t-stain may be used before those manipu- 

\ , . : . 1 11 -, i.^ ;i UM^ful nieth(Hl for staining bacteria in sections 

. \\!k u \\w -^^Hviosof Iweteria are such as resist the decolor- 

... . „, ;v iu':i v»i i\w ivnliuo. In this resjK^ct different sjiecies of bac- 
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teria differ greatly, and the method is commonly employed in bac- 
teriological work to distinguish those species which retain the stain, 
or are "positive to Gram," from those which are decolorized or 
" negative to Gram." 

11. Van Qiesson's Picric Acid and Acid Fnchsin Stain. — 

Aqueous solution of acid fuchsin, 1 per cent., 5 cc. 

Saturated aqueous solution of picric acid, 100 " 

This solution serves to stain fibrous intercellular substances. It 
is used in the following manner : 

1. Slightly overstain with alum hsematoxylin ; e. g., Bohmer's 
hsematoxylin. 

2. Wash thoroughly in distilled water. 

3. Stain in Van Giesson's dye for five minutes. 

4. Wash in water. 

5. Dehydrate in 95 per cent, alcohol. 

6. Clear in oil of origanum. 

7. Mount in xylol-balsam or xylol-dammar. 

The tissues should have been fixed in a corrosive-sublimate solu- 
tion or one containing chromates ; e. g., Miiller's fluid, Zenker's 
fluid, or sublimate solution. The connective-tissue fibres are stained 
red by the acid fuchsin. The reason for overstaining with hcema- 
toxylin is that subsequent treatment with picric acid discharges 
some of that color. 

12. Benda's Iron-hsBinatoxylin Stain. — This is a powerful stain 
well adapted to the staining of paraffin-sections that have been 
affixed to cover-glasses. It stains nuclei and intercellular sub- 
stances, as well as the protoplasm of cells, various shades of gray, 
and the color is very permanent. The outline of the method is as 
follows : 

1. Mordant the sections (after affixing to cover-glasses, if that 
method is used) in a mixture of equal parts of liquor ferri sul- 
furici oxydati of the German Pharmacopoeia and distilled water for 
twenty-four hours. 

2. Rinse in distilled water, and then wash in three changes of 
tap-water. 

3. Stain in aqueous solution of hsematoxylin, prepared by mix- 
ing 10 drops of a concentrated alcoholic solution of the crystals 
with 10 cc. of distilled water. Stain for from one-half to twenty- 
four hours. 
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4. Rinse in distilled water. 

5. Differentiate in equal parts of glacial aoetio add and distilled 
water. 

6. Wash thoroughly in distilled water. 

7. Dehydrate in absolute alcohol. 

8. Clear in xylol^ carbol-xylol, or some essential oQ. 

9. Mount in balsam. 

1 3. Pal's Modification of Weigert's Stain finr tbe MMnllary Sheath 
of Nerves. — This method is useful for the study of the central ner- 
vous system, and may, with advantage, be preceded by staining 
with neutral carmine. The tissues should have been fixed in a 
chromatc solution; e,g.y Miiller's fluid. 

1. Soak sections several hours in 1 percent, chromic acid solu- 
tion in water. 

2. Stain twenty-four to forty-eight hours in : 

Hematoxylin crystals, 1 gram, 

Absolute alcohol, 10 cc. 

Lithium carbonate (saturated aqueous solution), 7 ** 
Distilled water, 90 " 

The hymatoxylin crystals may be dissolved in the alcohol and 
the solution kept in stock, the proper proportions of lithium carbon- 
ate solution and water being added at the time of use. 

3. Wash in wat<^r to which a little lithium carbonate solution has 
been added (about 2 cc. to each 100 cc. of water). The sections 
should acquire a deep-blue color. 

4. Differentiate in 0.25 |)er cent, solution of potassium perman- 
gtuiate in distilled water, till the gray matter — e. (/., of the spinal 
cord — becomes brownish-yellow (one-half to five minutes). 

5. Decolorize the gray matter in the following solution : 

Oxalic acid, 1 gram, 

Potassium sulphite, 1 " 

Distilled water, 200 cc. 

6. Wash thoroughly in distilled water. 

7. Dehydrate in 95 jx^r cent, alcohol. 

8. Clear in carbol-xylol, oil of Iwrgamot, or oil of origanum. 

9. Mount in x viol-balsam or xvlol-dammar. 

This method stains the mvelin-sheaths of the meduUated nerve* 
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fibres a dark blue, nearly black, color. If it has been preceded by 
a stain with neutral carmine, the axis-cylinders of the nerve-fibres 
will be stained red, and the nuclei of the nerve-cells will also 
appear red. 

14. €k>lgi's Methods. — These methods have yielded most excel- 
lent results in the study of the central nervous system, the dis- 
tribution of the peripheral nerves, and the delicate terminations 
of the ducts of glands; e.g.j the bile-capillaries. The methods 
must be regarded as special procedures in such studies, and can 
but be referred to here. They all depend upon hardening in some 
chromium salt, with or without the addition of osmic acid, and the 
subsequent impregnation with silver nitrate. A precipitate is thus 
produced on or within certain of the elements in the specimen, giving 
them a dark-brown or black color. The methods are capricious, 
and not all of the tissue-elements of like character in the specimen 
are rendered prominent. This is an advantage, but necessitates 
a degree of care in the interpretation of the results. Furthermore, 
irrelevant precipitates may form in the tissues which have no 
definite relations to any structure. Considerable practice is, there- 
fore, required for the successful employment of all these methods, 
not only for a satisfactory execution of the manipulations, but also 
in the study of the results. The methods have no value for the 
study of cell-structure, since the whole cell is either covered or 
filled with the precipitates formed during the impregnation with 
silver. 

Golgi has divided his methods into three groups : the slow, the 
rapid, and the mixed. For the details of these methods and of 
the various modifications introduced by different investigators the 
student is referred to the journals on microscopy. It must suffice 
to state here that the slow method begins with a hardening of the 
tissues in a 2 per cent, solution of potassium bichromate, which is 
gradually raised to 5 per cent. This hardening takes from fifteen 
days to three months. In the rapid method the tissues are first 
hardened in a mixture of 4 parts of a 2 per cent, solution of potas- 
sium bichromate and 1 part of a 1 per cent, solution of osmic acid. 
The tissues remain in this mixture for from two to six days, when 
they are ready for impregnation. For either method the pieces 
of tissue should not be thicker than 1.5 cm. 
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Methods of Dehydration. 

Hie fiul mmnipulation in nearly all the methods for staining 
defvribfd above is a washing of the sections in water. This water 
iDQ!9 he ivmoved before permanent mounts can be made. Dehy- 
<h«i30D i> ncomiplished by treating the sections with alcohol. If 
tiirr are ini{m$nMtedy or have been embedded in collodion or cel- 
)(«din, dicy must not be dehydrated in absolute alcohol^ as that dis- 
s^wtj^ ^^JWiHW. In such cases 95 per cent, alcohol is employed, 
ilic s^>ir9M«i^ t^naCT treated with two baths of alcohol. When sections 
ittXY )v<« <«ni)«ied with carmine a contrast-stain may be obtained by 
^1^^^ It i^*« ^«imU cn'stals of picric acid to the first dish of dehy- 
4?»mic jiV»AaL The excess of picric acid is then removed by the 
'wi^i^'v in 1^ «v\^ dish. Absolute alcohol may be used for dehy- 
«^t\.^ '^^M^i^ llie ^^^tious have not been embedded in collodion or 

H^V^ jw>^^ti^4Jyvc!^ have been used to stain sections it must be 
s,K**^ »* tt^H^i rttti ^KhJioI not merely dehydrates, but also differ- 
^•^%*v 4K ><ttMk If the sections are left too long in the alcohol, 
,fl^» li,.*./^ i^^^ ^ifr.'W c\4or than is desired. 

>;;^«.^<^jK^ ikift *«fv to Ih» mounted in glycerin or glycerin-jelly 
v*^MH"^^ w ^^>%iwUvHU but can be moimted directly from water. 

Methods of Clearing. 

>.\**ai^ ?v tvw^^iirv when si)ecimens are to be permanently 

.^,^ u v,\iKKlu btil>55uu or dammar. Its object is to impreg- 

,is >^v^iv« ^»^^ s*.»iue liquid that will drive out alcohol and 

.N V *.>\^i»^v ^«ih tho n^siu used for mounting. Of these clear- 

^ *iviv ».N ii lutvt* number, from which a choice must be 

.« ^vs ^v.Ui*; A* iho uuthinl of embeddino^ th«it has been employed 

...%. v'i tiw vUo with wliich tlie tissues have been stained. 

V i X iX\^ vlitfer in thoir miscibility with water, some 

.v.i^vhHiK^a with ak^iolutc akoliol, otliers clearing well 

y. vu;, vUv»hi»l has Ihh'u used for del lyd rat ion. 

\v^^ rinA »> .u» oMvllent i'loarino^-ao:ent wlien the sections 

xw .t vlvluvlmti\l witli absolute alcohol. It does not 

lit J\v^. It ijN |H*rlmi>s, the best elearinp^-agent for 

..v..,v ^uuuv^i ^^i^h lH>rax-carmin(; before cutting, when 

.,,*.u > vUu>U»^i\l. Xylol then both removes the paraffin 
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2. Garbol-xylol. — 

Carbolic acid crystals (melted), 1 vol. 

Xylol, 3 vols. 

This mixture is much more tolerant of water than pure xylol. 
Sections dehydrated in 95 per cent, alcohol may be cleared with 
this reagent, which does not dissolve collodion. The carbolic acid 
used should be pure, but need not be the more expensive synthetic 
product. 

3. Oil of Bergamot. — This light-green essential oil clears well and 
does not dissolve collodion. It may be used when 95 per cent, 
alcohol has been employed for dehydrating. 

4. Oil of Origanum. — The oleum origani cretici should be used. 
It is of light-brown color and clears sections dehydrated in 95 per 
cent, alcohol or stronger. It slowly discharges anilin-colors. 

5. Oil of Cloves. — This clearing-agent dissolves collodion and 
discharges anilin-colors. It may be used when it is desired to get 
rid of the collodion used for embedding after the sections have been 
stained. This removal is favored by dehydration in absolute alcohol 
before clearing. 

6. Oil of Cedar-wood. — This, when pure, has a very light-yellow 
€olor and smells like cedar-wood. It should be free from the more 
pungent odor of the oil derived from the leaves. This essential 
oil does not discharge anilin-colors, and is, therefore, useful when 
those dyes have been employed. It clears slowly, but well, and 
may be used after dehydration with 95 per cent, alcohol. 

Methods of Mountiiig. 

Sections that have been treated by the foregoing methods of 
preparation are fitted for mounting in a solution of some resin. 
The most commonly employed are Canada balsam and dammar. 
The best solvent for these resins is xylol, though chloroform and 
benzol are sometimes used for this purpose. All traces of turpen- 
tine should be removed from the balsam before its solution, to avoid 
the discharge of stains with hsematoxylin or anilin-dyes which tur- 
pentine occasions. 

When sections are transferred from alcohol to a clearing-agent 
they float upon the surface of the latter, and can then be flattened 
tmd all folds removed. As the alcohol is extracted the sections 
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sink in the clearing-agent. In order to transfer them from the 
clearing-agent to a slide, the first step in mounting, a good method 
is to slip a strip of cigarette-paper under the section, withdraw it 
along with the section (using a platinum needle as aid, if necessary), 
drain off the superfluous fluid, and then laj the cigarette-paper on 
the slide, section side down. Light pressure will now squeeze out 
considerable of the clearing-agent, when the paper can be stripped 
from the section and slide, leaving the section nearly dry and with- 
out folds or wrinkles. With a little care, this method of transferring 
the section to the slide rarely fails. When such is the case the 
manipulations must be repeated. 

A drop of the mounting-medium is now placed upon the section 
and a cover-glass laid on and gently pressed down until it comes in 
contact with the section and the excess of balsam or dammar is 
expelled from beneath the cover. If the sections tend to raise the 
cover, the latter may be weighted with a bullet placed in its centre. 
Freshly mounted specimens are not so favorable for examination 
with high powers as those that have been mounted for a few hours 
or days. This is because the refractive indices of the clearing-agent 
and mounting-medium are not identical. When these have become 
thoroughly mixed, or the former has evaporated, the specimen is 
impregnated with and surrounded by a homogeneous medium that 
does not scatter the light passing through it. 

Canada balsam has a somewhat higher refractive index than 
dammar. It therefore renders the sections a little more transparent 
and more completely obliterates the structure-picture. When it is 
desired to retain as much of the structure-picture as possible, 
which is usually the case, dammar should be chosen for the mount- 
ing-medium. It dries a little more slowly than balsam, but soon is 
sufficiently dry at the edges of the cover-glass to preserve the sec- 
tion from injury. If the slides are kept in a horizontal position, 
in a warm place (40° to 50° C. ; 104° to 122° F.), for a couple of 
days5, they will be dry enough for storage, but for several weeks 
must be handled with eare. 

Stained sections may be examined in glycerin, having been 
mounted by the same manipulations as thos<» used for mounting 
in balsam, without previous dehydration or clearing. Such mounts 
are, however, difficult of ])reservation. The various cements that 
have been recommended for fastening the edges of the cover-glass 
to the slide are usually inefficient, as the changes of temperature 
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that are inevitable cause the glycerin to make its way between the 
glass and cement, loosening the latter. 

A better medium than glycerin for sections that cannot be sub- 
jected to the action of alcohol for the purpose of dehydration is 
glycerin-jelly. This is prepared by soaking the best French gelatin 
in cold water until it has imbibed all it will readily take up, then 
melting the gelatin, after pouring off the excess of water, and 
adding an equal bulk of glycerin. A little carbolic acid may be 
added to the mixture to preserve it. The manipulations for mount- 
ing are similar to those given above, the sections being transferred 
from water to the slide. The glycerin-jelly may be melted and a 
drop placed upon the section, or a little lump of the solid jelly may 
be placed upon a cover-glass, melted by gentle heat, and the cover- 
glass then inverted over the section on the slide. After the jelly 
has dried at the edges of the cover-glass they may be painted with 
xylol balsam, dammar, or some cement. 



The Bapid Preparation of Sections for Diagnosis. 

The most expeditious means of obtaining sections of fresh tis- 
sues is to cut them without preliminary treatment with reagents, 
either free hand with a razor, or with the aid of a freezing mi- 
crotome (page 415). Such sections may be stained with methylene- 
blue (aqueous solution, page 423), or they may be examined in 
neutral salt solution. If they are to be stained, spread them out 
on a slide, pour a few drops of the methylene-blue solution over 
them, and, after a few moments, wash off the dye with water and 
cover the section. If such rapid work is not necessary, the sections 
can be fixed in formalin (page 416), and, after washing out that 
reagent, stained. Such sections may be hardened and dehydrated, 
by placing them in dishes of increasingly strong alcohols, and 
finally mounted in dammar ; but the results are by no means so 
good as when fixation and hardening are done before sections are cut. 

When time is not pressing the following method will give good 
results : 

1. Fix and harden pieces not over J inch thick in absolute alcohol 
on quick-lime over night (page 407). 

2. Dip the specimen in thick collodion and embed it on a glass 
block by the rapid method (page 412). When the block has been in 
80 per cent, alcohol for three or four hours it may be cut ; but it is 
better to let the collodion harden for twenty-four hours. 
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3. Stain with haematoxylin and eosin (page 418), cutting short the 
time of washing after the hsematoxylin, if in a hurry. 

4. Dehydrate in 95 per cent, alcohol ; two successive baths. 

5. Clear in carbol-xylol. 

6. Mount in xylol-dammar. 

Very serviceable sections can be prepared in less than twenty- 
four hours by this method, and the specimens, though not of the 
best quality, will be permanent, and may be kept for future refer- 
ence. 

Special Methods. 

The foregoing methods are for the preparation of tissues from 
which sections must be made before they are fit for examination 
under the micrcwco})e. The physician is, however, frequently called 
upon to examine other objects, when the following directions will be 
found useful 

1. £iaKiia*ioft of Urinary and other Sediments. — For the collec- 
tion of the s^Umont vessels with vertical walls should be used, not 
<HmicaI jrte^^^ A test-tube answers, very well. The sediment 
^^honk) he alK>>ikVil tK> settle for several hours in a cool place, to 
nvi^ Asy«ft|^>«rt^^ » ^^r, better, the sediment should be precipitated 
b\- m«in^ ^" * <y«trif»ge. It should be borne in mind that urine 
^^yyiiiw»c attc^i}^ \lttnn|r decomposition, and that the ammonia pro- 
^^n.'W rt^w^^^ v^i^J^ "I the characters of the crystalline or other 
iT*.^«jsi»»v *v<i«<Q«*^^ ^^* ^^^^* sediment, and also renders the identi- 
t;^v;ww^ ^' ihf '/'^e**^^ iHuistituents difficult or impossible. 

^"km tK >^>i*i«<^t hjis iM)llectod at the bottom of the vessel a 

^,<^nii >KjKMiif >v iN-^yK^x^Hl with a pipette for examination. Place 

^ "^^c^- ♦^•^ "^^^ ^^^ ^*^* ^'^^' pi|>otte before introducing it into 

^ i^.-<v ^ ^Atiiit ?W »5r, then place the other end in contact 

^,:* -V >cv.u*^*»i ,ittU 5i»Uow the air to escape slowly by raising or 

^ . ^x >«tj^vi i liuU\ l''K>se the upper end of the pipette and 

^>^^vK ;. V»\% v.-Hix^tully wi|H^ the outside of the pipette and let 

,». .: >v'H'^ *^'*** * ^^'^'*'' 5<implo of the sediment is at the end of 

^ ^^v w uvp ^^I'lhis stnliment on a slide and cover. Ex- 

.s ^\\*ii*v*i ^^*ih ;i lv*\v jHnver at first, taking care to use a 

^&t•ii^^*' '" ^'^^"^ ^^'^^y ^'^^ presence of urinary casts 

, .^*oi\ avivrmiutHl than if a high power is used. 

^. , . ss/v>i .u> u> ;i i^uvn object bein<^ a cast examine it with 

^ . . . Vitvr iho :^>ivimen has been examined for casts 

;iigv; cuoii^h to be identified with a low power, 
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use the high power for the detection of red blood-corpuscles^ pus, 
etc. Objects in urinary sediments may be stained with aqueous 
methylene- blue, Gram's solution of iodine, or alum-carmine; or 
their chemical nature determined by means of microchemical reac- 
tions. 

2. Preparation of Gover-glasa Smears. — These are used for the 
examination of blood, pus, sputa, cultures of bacteria, etc., when it 
Ls desired to employ stains. They are also employed occasionally 
for the study of some of the constituents of soft tissues. 

A small drop, or fragment, of the specimen is placed between 
two cover-glasses. If the specimen is sufficiently fluid, it will at 
once spread out into a thin layer between the covers. When this 
is not the case pressure may be used. The covers are then dravm 
apart, not lifted, leaving a coating upon both. They are allowed to 
dry spontaneously, after which the film is fixed by passing the 
cover-glasses three times through a flame, care being taken not to 
scorch the film, which should not come in contact with the flame. 
Heat applied through the glass to the dry film will render it insol- 
uble and affix it to the cover. The constituents of the film may 
then be stained on the cover-glass, the latter being either floated 
on the dye or immersed in it as though it were a section. Hema- 
toxylin and eosin may be employed ; but anilin-dyes, such as meth- 
ylene-blue, carbol-fuchsin, anilin-gentian-\'iolet, etc., are more com- 
monly used. 

3. Examination of Sputa for Tubercle Bacilli. — The small cheesy 
particles in the sputa are most likely to contain tubercle bacilli. 
Cover-glass smears are stained by the following method : 

a. Stain fifteen minutes in freshly filtered carbol-fuchsin at the 
room-temperature, or heat until vapors rise from the surface of the 
dye, and maintain that temperature for about three minutes. 

b. Wash off the excess of dye with water. 

c. Differentiate in dilute sulphuric acid, prepared by adding 5 cc. 
of pure acid to 95 cc. of distilled water, until the cover-glass has 
only a faint tinge of pink when the acid is washed off with water. 

(L Wash in water to remove the acid. 

e. Counters tain with aqueous methylene-blue for two minutes. 
/. Wash in water. 

g. Dry the cover-glass and mount it, film side down, on a drop 
of xylol-dammar. 

The tubercle bacilli will be stained red, while other bacteria and 

28 
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the nuclei of cells will be blue. This method, like all others used 
for the detection of the tubercle bacillus, depends upon the fact that 
that bacillus takes up colors with reluctance, but, after staining, 
holds them tenaciously. The specimen is therefore first stained 
with a strong dye, is then decolorized with some agent that will 
discharge the color from all bacteria except the tubercle bacillus 
(and spores, which, however, have a different shape from that of 
the tubercle bacillus), and afterward stained with a weaker dye of 
another color which is imparted to the bacteria that have been 
decolorized. 

4. Examination of Urethral Pus for the €k>nococcns. — The gone- 
coccus is shaped a little like a coffee-bean, and usually occurs in 
pairs with the flattened surfaces of the individual cocci facing each 
other. In pus it is frequently situated within the leucocytes, while 
the other varieties of pyogenic cocci usually lie outside of the pus- 
corpuscles. The gonococcus is decolorized by treatment with Gram's 
iodin solution followed by alcohol; the more common cocci found 
in suppuration are not decolorized. These differences in shape, sit- 
uation, and behavior toward dyes serve to distinguish the gonoeocci 
from the other cocci that may be present. The smears, fixed by 
heat, are stained as follows : 

a. Stain for five minutes in freshly filtered anilin-gentian-violet. 

b. Wash off excess of dye with water. 

e. Immerse in Gram's solution for two minutes. 

(L Decolorize in 05 per cent, alcohol till no more color is given off. 

(\ Stain two minutes in aqueous fuchsin, prepared in a manner 
similar to that used for aqueous methylene-blue. Bismarck-brown 
may be used for this oounterstiiin in place of the fuchsin. 

/*. Wash in water, dry, and mount in dammar or balsam. The 
gonoeocci will be stained by the second dye used ; other cocci be- 
longing to the ])yogenic group will be a dark purple, they having 
retained the color first ini])arted to all the bacteria by the gentian- 
violet. In this case the gonoeocci are distinguished from the other 
cocci by taking advantage of tlie fact tliat they are "negative to 
Gram," while the others are "positive." 

5. Examination of Blood-smears. — Iliematoxylin, followed by a 
strong counterstain with eosin, will furnish useful specimens for 
most puri)oses. The diiferentiation of the various granules in the 
wliitc corpuscles described by Ehrlich recpiires sj)ecial methods, for 
a description of which the reader is referred to sj>ecial works on the 
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blood or clinical microscopy. The malarial plasmodia are best 
detected in perfectly fresh blood, examined immediately with an 
immersion-lens, when their changes of form serve to make them 
more easily recognizable than when they are sought in smears. In 
the latter they may be stained by the following method : 

a. Fix the film by means of heat, or, better, by immersion in 
absolute alcohol for half an hour. (In the latter case wash off the 
alcohol with water before staining.) 

6. Stain for several hours in Chenzinsky-Pehn's stain : 

Concentrated alcoholic solution of methylene-blue, 10 cc. 
0.5 per cent, solution of eosin in 70 per cent, alcohol, 5 cc. 
Distilled water, 10 cc. 

The solution should be filtered before, and preserved from evap- 
oration during, the staining. 

c. Wash in water, dry, mount in xylol-dammar. 

The malarial plasmodia will be stained blue, the body of the red 
corpuscles red, the nuclei of the leucocytes blue, and eosinophile 
granules, within those cells, red. 

6. Examination of Bacteria in Cover-glass Preparations. — If the bac- 
teria are already in a fluid, a drop is placed upon a cover-glass, spread 
over its surface, allowed to dry spontaneously, and then fixed by heat, 
as described above. If cultures on solid media are to be examined, 
a drop of water is first placed upon the cover-glass, and a little 
mass of the bacteria disseminated through it, and then the mixture 
is spread in a thin layer by means of the platinum needle. It is 
then dried and fixed, as in the preceding case. Such preparations 
may be stained with methylene-blue, carbol-fuchsin, by Gram's 
method (anilin-gentian-violet, followed by Gram's iodine solution, 
and then alcohol), or with some other anilin-dye. For the diph- 
theria or typhoid bacillus an alkaline methylene-blue (see Unna's 
formula) serves well. 

7. Examination in Hanging Drop. — This method is useful for the 
observation of objects suspended in a fluid. It is extensively used 
in bacteriology for the study of living bacteria. A drop of the 
fluid is placed on the centre of a cover-glass, which is then inverted 
over the concavity in a hollowed slide. The edges of the cover- 
glass should tlicn be sealed with a drop of water or oil, to prevent 
evaporation of the hanging drop. 
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8. Microchemical Reactions. — These reactions are resorted to to 
determine the chemical nature of objects under the microscoj)e. 
Every stain is the result of a microchemical reaction, but as yet 
the knowledge obtained by staining tissues cannot always be ex- 
pressed in chemical language. 

The manipulations are usually so conducted that the reaction can 
be directly observed under the microscope. The object to be studied 
is placed in the middle of the field. The reagent used is then 
placed at one edge of the cover-glass, whence some of it will flow 
beneath the latter. To facilitate the entrance of the reagent a nar- 
row strip of filter-paper may be brought in contact with the oppo- 
site edge of the cover, withdrawing some of the fluid from beneath 
it. It is best to sharj)en the end of the strip which comes in eon- 
tact with the cover-glass, so that the absorption of fluid shall be 
slow; otherwise the currents induced will be likely to wash the 
object from the field of vision. The following tests, applied in this 
way, may be of use : 

a. Urates. Insoluble in 1 per cent, acetic acid ; soluble, on the 
application of heat, in water (or urine). The slide must be removed 
from the microscojx? when heat is applied to it. 

6. Earthy phosphates. Dissolve on the addition of 1 per cent, 
acetic acid. Are not dissolved by heat. 

c. Calcium oxalate. Insoluble in 1 per cent, acetic acid ; soluble 
in 1 per cent, hydrochloric acid. 

d. Carbonates. Soluble in 1 per cent, acetic acid or hydrochloric 
acid, with evolution of gas-bubbles. 

€, Albuminoid granules. Become indistinct, and finally invisible, 
on the addition of 1 per cent, acetic aoid or 1 per cent, potassium 
hydrate ; not blackened by osmic acid. 

/. Fatty granules. Not affected by 1 per cent, acetic acid or 1 
per cent, potassium hydrate. Stained black or dark brown by osmic 
acid. 

</. Starch. Stained dark blue to black by iodine solutions. Use 
Gram\s solution. 

h. Cellulose. Stained vellow bv iodine solutions. If the water 
be then removed and concentrated sulphuric acid introduced, the 
color becomes blue. The walls of most vegetable cells are composed 
of cellulose. 

i, Teichmann's test for haemoglobin. This test depends upon the 
conversion of the hajmoglobin or its derivatives into hfiemin, which 
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crystallizes in rhombic plates of a reddish-brown color. The hsemin 
is produced by heating with a little salt and strong acetic acid. 
Evaporate a drop of neutral salt solution to dryness on a slide. 
Place the substance to be tested upon it and cover. Fill the space 
between cover and slide with glacial acetic acid and heat over a 
flame till bubbles begin to form. Maintain that heat for a few 
minutes, replacing loss by fresh additions of acetic acid. Let the 
slide cool slowly, and, when cold, examine. If the results are nega- 
tive, repeat the heating with acetic acid. The acid should not 
actually boil, but should be kept at the point of incipient ebullition. 

j. Tests for amyloid substance. Sections of fresh tissue may be 
soaked for some time in Gram's solution, then washed and examined 
in water. Amyloid substance is stained reddish-brown, the tissues 
yellow. Sections of tissues fixed in alcohol, corrosive sublimate, or 
formaldehyde, may be stained in a solution of 1 per cent, methyl- 
violet dissolved in distilled water, without the addition of alcohol. 
The sections are then washed in 1 per cent, hydrochloric acid for 
the purpose of differentiating the stain. After thorough washing 
in several changes of water they may be mounted in glycerin-jelly. 
The amyloid substance is stained reddish- violet, the other tissues 
blue. 

L Test for iron in pigmentations. The iron from the haemo- 
globin of the blood is sometimes present in the pigmentation result- 
ing from old extravasations, in the form of hcemosiderin. The 
same compound is also sometimes found in the tissues in cases of 
pernicious anaemia. The presence of iron in this pigmentation may 
be demonstrated by the following method : 

(a) The tissues should be fixed in alcohol. 

(b) Soak the section in a 2 per cent, solution of potassium ferro- 
cyanide for ten minutes. 

(c) Transfer to Orth's acid alcohol (page 422) for five or ten 
minutes. 

The sections may now be examined in a glycerin-mount with a 
wide diaphragm, or they may be counterstained, for which purpose 
treat as follows : 

(d) Wash with water. 

(e) Stain with Orth's lithio-carmine. 

(/) Dehydrate and mount in xylol-dammar. 
The iron in the section is converted into Prussian blue ; the nuclei 
of the cells, when the counterstain has been employed, are red. 
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: methods of Decalcification. — Tissues which contain calcified 

JlW or bdiiu must be freed from Jime-salts before they can be 

II is (lillicijlt to do this rapidly without injury to the softer 

■elements. When good results are desired, and the necessary 

f onn be afforded, the tissues should tirst be tixcd and hardened, 

1 pieces being selected. Zenker's fluid fixes well for this pur- 

ij bet Orth's fluid or alcohol may be used. If Zenker's or Orth's 

I is used, tlic tissues must be washed in water and hardeneil in 

lol for at Irast a day before they are decalcified (see Methods of 

Bng and Hurdening, pp. 403, 408). 

»lcificatiijn is accomplished by treatment with acids. Five 
roent. nitric acid will decalcify small pieces of bone in from one 
I five days. The progress of the decalcification may be deter- 
, by pricking the tissue with a needle, but after it appears 
■ soft it is well to continue the action of the acid for a day or 
two, lest .some undissolved particles should remain and injure the 
edge of the microtome-knife. A saturated aqueous solution of 
picric acid is sometimes used for decalcifying. Its action is very 
alow, though not injurious to the tissues, which require no prehmi- 
nary treatment, the picric acid acting as a fixing and decalcifying 
agent. 

After decalcifying in nitric acid the tissues should be thoroughly 
washed in running water for twenty-four hours and then rehardened 
in alcohol, after which they may be embedded. After <lecalcifying 
in picric acid the tissues are placed in 70 per cent, alcohol and hard- 
ened without previous washing in water. 

When rapid decalcification is necessarj- nitric acid and phloro- 
glucin, which restrains the destructive action of the acid, may be 
used. The solution is prepared by dissolving 1 gram of phloro- 
glucin in 10 cc. of pure nitric acid. To this 100 cc. of 10 per cent, 
nitric acid are added. Decalcification takes place within a few hours 
in this solution, which contains about 20 per cent, of nitric acid. 
The tissues should then be washed and hardened. 

Another rapid meth<xl which combines decalcification with hard- 
ening is to place tiie fresh tissues in a large bulk of 5 per cent, 
nitric acid in 80 per cent, alcohol. After decalcification has taken 
place the tissues are hardened in alcohols of increasing strength, 
large quantities being used in onler to remove the acid. Before 
staining, the sections should be washed thoroughly In water to get 
rid of any residual traces of acid. 
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ABSCESS, 312 
cold, 319 
Absorption, 295 
Achromatin, 34 
Acidophilic cells, 119 
Active hvpersemia, 298 
Acute inflammation, 297 

parenchymatous inflammatioDi 268 
nephritis, 272 
Adeno-carcinoma, 390 
Adeno-fibroma, 377 
Adenoma, 376 
Adipose tissue, 78 
Adrenal bodies, 186 
Adventitia, 112 
Akromeg^ly, 191 
Albumin, Mayer's, 417 
Albuminoid degeneration, 266 
Alcohol, absolute, 407 
Alveoli, pulmonary, 171 
Amoeba, 28 
Amyloid infiltration, 281 

substance, tests for, 437 
Anemic infarcts, 332 
Angiomata, 373 
Angiomatous tumors, 373 
Anilin-water, 424 
Areolar tissue, 76 
Arteries, 110 

helicine, 223 
Association-fibres of cerebrum, 249 

of spinal cord, 239 
Atrophy, 284 

functional, 284 

pressure-, 285 

senile, 287 
Attraction-spheres, 35 
Axis-cylinder, 97 

BACTERIA, examination of, 435 
Basement-membrane, 58 
Basophilic leucocytes, 126 
Bergamot, oil of, 429 
Bladder, 164 
Blood, 122 

-plates, 126 

-smears, preparation of, 434 
Bodies, adrenal, 1^6 

Malpighian, 154 



Bodies, Malpighian, of spleen, 177 

Pacinian, 252 

pearl-, 390 

polar, 35, 217 
Body, pituitary, 139 
Bone, 68 

canaliculi of, 68 

general character of, 68 

Haversian canals of, 68 

lacunae of, 68 

-marrow, 71, 119 
red, 119 
yellow, 119 

regeneration of, 338 
Bowman, glands of, 255 
Bowman's capsule, 159 
Bronchi, 169 
Bronchioles, 170 
Broncho-pneumonia, 317 
Brownian movement, 29 
Brunner, glands of, 141 
Bulb, olfactory, 258 
glomeruli of, 257 

CACHEXIA strumipriva, 183 
Calcareous infiltration, 282 
Calcium oxalate, tests for, 436 
Callus, 309 

Canada-balsam, 428, 430 
Capillaries, 113 
Capsule, Bowman's, 159 

Glisson's, 146 
Capsules, supra-renal, 186 
Carbol-fuchsin, 423 
Carbonates, tests for, 436 
Carbo-xylol, 429 
Carcinoma, 382 

colloid, 388 

medullary, 384 

scirrhous, 384 

simple, 384 
Cardiac glands, 136 

muscles, 89 
Carmine, alum-, 421 

borax-, 421 

lithio-, 422 

neutral, 420 
Carotid glands, 194 
Cartilage, 64 
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Cartilage, elastic, 67 

fibro-, 66 

general character of, 64 

hyaline, 66 

matrix of, 65 

ossification of, 64 

regeneration of, 338 
Catarrhal inflammations, 316 

pneumonia, 317 
Cedar-wood, oil of, 429 
Cell, or cells, 27 

acidophilic, 119 

compound granule-, 316 

decidual, 215 

of Deiters, 260 

-division, 40 
amitotic, 40 
centrosome in, 34 

ganglion-, 95 

giant-, 40, 119 

glia-, 101 

Koblet-. 52, 139 

hair-, 260 

migratory, 124 

mitral, 258 

of MuUer, 262 

nerve-, 95 

organs of, 31 

plasma-, 120 

prickle-, 55 

of Purkinje, 243 

reproduction of, 34 

of Sertoli, 225 

stellate, 245 

sustentacular, of retina, 261 
in testis, 227 

wandering, 124 
Cellulose, tests for, 436 
Centrosome, 31 
Cerebellum, 243 
Cerebrum, 246 

association-fibres of, 250 

commissure-fibres of, 249 

projection-fibres of, 249 
Cheesy defeneration, 274 
( -heniotactic tsubstances, 309 
Cbemotaxis, 309 
Chondroma, 350 
Chromatin, 34 

reduction of, 226 
Cliromolvsis, 294 
(hromoplasm, 34 
Chromosomes, 37 
Chronic infianiniations, 322 
interstitial, 324 
parenchymatous, 209 
Chyle. 126 

Cicatricial tissue, 308 
Ciliated epitlielium, 53 
Ciri'ulatorv svstem, 108 
Cirrhosis of liver, 323 
Clarke, column of, 241 
Clearing, methods of, 428 



Clearing, methods of, bergamot, oil of, 429 
carbol-xylol, 429 
cedar- wood, oil of, 429 
cloves, oil of, 429 
origanum, oil of, 429 
xylol, 428 
Clefts of Lantermann, 99 
Cloves, oil of, 429 
Coagulation, explanation of, 127 

-necrosis, 294 
Coccygeal gland, 195 
Collateral fibres of spinal cord, 239 
Colliquative necrosis, 295 
Collodion, 409, 412 
Colloid, 181 

carcinoma, 388 

degeneration, 278 
Colon, 142 
Colostrum, 219 

-corpuscles, 219 
Column of Clarke, 241 
Columnar epithelium, 52 
Commissure-fibres of cerebrum, 249 
Compensatory hypertrophy, 289 
Congestion, passive, 326 
Connective tissue, 63 

tumors, 347 
Contractile substance, 83 
Cord, spinal, 236 
Corium, 196 
Cori)ora amylacea, 224 
Corpus album, 210 

aivernosum, 222 

htemorrhagicum, 210 

luteum, 210 

spongiosum, 222 
Corpuscles, colostrum-, 219 

genital, 253 

of Krause, 253 

of Meissner, 253 

red, 123 

tactile, 252 

white, 124 
Croupous inflammation, 317 

membrane, 319 
Crypts of Lieberkuhn, 139 
Cubical epithelium, 49 
Cuticle of epithelium, 50 
Cuticularized epithelium, 54 
Cutting:, methods of, 415 
free-hand, 415 
frozen sections, 415 
celloidin sections, 416 
collodion sections, 416 
(Vlindroma, 356 
Cystoma, 392 
Cytoplasm, 29, 32 

DECALCIFICATION, methods of, 439 
Decidual cells, 215 
1 )e>?enerations, 265 
albuminoid, 266 
cheesy, 274 
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DegeDerationS) colloid| 278 

fatty, 266 

hyaline, 280 

keratoid, 280 

mucous, 277 

of nerves, 283 

parenchymatous, 266 
Dehvd ration, methods of, 428 
Deiters' cells, 260 
Dendrite, 234 
Dermoid cysts, 392 
Developmental hypertrophy, 230 
Diapedesis, 301 

Diaster-phase of karyokinesis, 38 
Digestive organs, 128 
Diphtheritic inflammation, 318 

membrane, 294 
Discus proligerus, 209 
Dispirem-phase of karyokinesis, 38 
Ductless glands, 62, 180 
Duodenum, 137 

ECTODERM, 20 
Ectoplasm, 29 
Elastic cartilage, 67 

fibres, 73 
Eleidin, 198 
Elements, sarcous, 93 
Elementary tissues, 41 
Embedding, methods of, 411 
celloidin, 412 
collodion, 412 
paraffin, 413 
Embolism, 330 
Embryonic layers, 22 
Encapsulation, 296 
Endoderm, 20 
Endoneurium, 100 
Endoplasm, 29 
Endothelioma, 355 
Endothelium, 45 

functions of, 48 

general characters of, 45 

regeneration of, 336 
Energy, kinetic, 18 

potential, 18 
Eosin, 420 

Eosinophilic leucocytes, 126 
Epicardium, 109 
Epidermis, 197 
Epididymis, 225 
Epiglottis, 108 
Epineurium, 100 
Epithelial tumors, 376 
Epithelioma, 391 
Epithelium, 49 

ciliated, 53 

columnar, 52 

cubical, 49 

cuticle of, 50 

cuticularized, 54 

functions of, 41, 57 
activities of, 57 



Epithelium, general characters of, 49 

germinal, 207 

glandular, 50 

pavement-, 51 

regeneration of, 336 

stratified, 54 

transitional, 56 
Erectile tissue, 222 
Erythroblasts, 119 
External ^nitals, 217 
Exudate, inflammatory, 301 

FALLOPIAN tubes, 210 
Fatty degeneration, 266 
infiltration, 574 
Fibres, association-, of cerebrum, 250 
of cord, 239 
collateral, of cord, 239 
commissure-, of cerebnim, 249 
connective-tissue, staining, 425 
elastic, 73 
moss-, 246 
nerve-, 96 

staining, 426 
projection-, of cerebnim, 249 
Sharpey^s, 70 
white, 73 
yellow, 73 
Fibrin, 126 

Fibrinous inflammation, 313 
Fibro-cartilage, 66 
Fibroma, 347 
Fibrous tissues, general character of, 72 

regeneration of, 336 
Figures, mitotic, preservation of, 406 
Fixation, methods of, 403 
alcohol, absolute, 407 
boiUng, 408 

Flemming's solution, 406 
formaldehyde, 405 
mercuric chloride solution, 405 
Miiller's fluid, 403 
Orth's fluid, 404 
Zenker's fluid, 404 
Flemming's solution, 406 
Follicles, Graafian, 207 

lymph-, 143 
Formaldehyde, 405 
Fractures, healing of, 308 
Functional atrophy, 284 
hypertrophy, 288 

GALL-BLADDER, 151 
Ganglion-cells, 95, 234 
Gangrene, 296 

dry, 296 

moist, 296 
Genital corpuscles, 253 
Gentian-violet, 423 
Germinal epithelium of ovary, 207 
Giant-cell sarcoma, 367 
(;iant-cells,40, 119 
Gianuzzi, crescents of, 131 
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Gland, mammary, 218 

thyroid, 181 
Glaiids of Bowman, 2^ 

of firanner, 141 

cardiac, of stomach, 136 

carotid, 194 

coccygeal, 195 

ductleis, 62, 180 

lymphatic, 114 

parotid, 131 

pyh>ric, 136 

salivary, 131 

sebaceous, 201 

secreting, 68 

sublingual, 181 

submaxillary, 181 

sweat-, 198 
Glandular epithelium, 50 
Glioma, 394 
Glisson's capsule, 146 
Glomeruli, olfactory, 258 
Glomerulus, 158 
Glvcerin,430 



jelly, 431 
Glyc 



roogenic infiltration, 275 
(^olilet-cells, 52, 139 
Gonococcus, staining of the, 434 
Graafian follicles, 207 

development of, 208 
(}ranrs solution, 424 
Granulation-tiHsue, 304 
Granules, albuminoid, tests for, 436 

fatty, tests for, 436 
Gninuloniata, 318 

H.EMANCJIOMA, 374 
llR^matuidin, 328 
H)%>matoxvlin, 418 
Hienuiglobin, tests for, 436 
II Hemorrhage, «128 
lla^iiuMiderin, 328 
Hair, \\^\^ 

-it^lk 260 

nitiole of, 200 

•follirlw, 199 
devolopinent of, 204 
UHnKinK-^lrop prcparationN, 435 
llHrdouing, nivtluMlH uf, 408 
llavoniian cniiulis 08 
lloHring, 2oU 
Ht'nrt, 109 

lli«lirino arterioH, 223 
Uenio, tuU»« of, l.V) 
ne|>atixntion of lung, gray, 313 

rttl. :ua 

Uyiiliue nirtilaK^'. <'>6 

dixt'iieration, 280 
llyaloplif^ni, 29 
lIy|H'ni'niia, active, 298 

iiitlaiiunntorv, 21^8 

piwsivi', 2S()' WIW 
HyiKTpliiKiu, 288 

inlluniniatory, 290 



Hypertrophy, ttS 

compei»atory, 289 

developmentsJ, 290 

functional, 288 

inflammatory, 290 
Hypophysia cerebri, 189 

TMPREGNATION, mathoda of, 409 
1 celloidin, 409 
collodion, 409 
paraffin, 409 
Infarcts, 882 

anaemic, 382 

hemorrhagic^ 882 
Infiltration, amyloid, 881 

calcareous^ 2b2 

fatty, 274 

glycogenic^ 276 

serous, 276 
Infiltrations, 265 
Inflammation, acute, 297 
parenchymatous^ 268 

catarrhal, 316 

chronic, 322 
interstitial, 824 
parenchymatous, 269 

croupous, 317 

diphtheritic, 818 

fibrinous, 313 

serous, 315 
Inflammatory exudate^ 801 

hyperspmia, 298 

hyperplasia, 290 

hypertrophy, 290 

repair, 303 

stasis, 298 
Infundibula of lung, 171 
Interstitium, 106 
Intestine, small, 141 
Intima, 110 

Involuntary muscles, 88, 91 
Iron-hematoxylin stain, 425 

tests for, 437 

KARYOKINESIS, 84 
diaster-phase, 38 

dispirem-phase, 38 

monaster-phase, 37 

significance of, 39 

spirem-phase, 35 
Karvolvsis, 294 
Keloid; 360 
Keratin, 198 

Keratoid degeneration, 280 
Kidney, cortex of, 153 

i)elvi8 of, 163 

Malpighian bodies of, 154 
Kidneys, 153 
Kinetic energy, 18 
Kraiise, corpuscles of, 253 

LACTEALS, 114 
Lantermann, clefts of, 99 



INDEX. 



445 



Larynx, 168 
Layers, embryonic, 22 
Leiomyoma, 370 
Leaoocytes, 124 

basophilic, 126 

emigration of, 300 

eoeinophilic, 126 

large mononuclear, 125 

polynuclear neutrophilic, 1 25 
Lieberkuhn, crypts of, 139 
Lipoma, 350 
Liver, 146 

cirrhosis of, 323 

functions of, 151 

lobules of, 147 
Lobar pneumonia, 313 
Lung, functions of, 173 

gray hepatization of, 313 

infundibula of, 171 

red hepatization of, 313 
Lymph, 122 

-nodes, 114 
Lymphadenoid tissue, 76 
Lymphatic glands, 114 
Lymphatics, 114 
Lympho-angioma, 376 
Lymphocytes, 125 
Lympho-sarcoma, 363 

MACERATION, methods of, 438 
alcohol, 438 
chromic acid, 438 
potassium hydrate, 438 
Malpighian bodies of kidney, 154 

bodies of spleen, 177 
Mammary gland, 218 
Marrow, 71, 119 
Matrix of cartilage, 65 
Maturation of the ovum, 217 
Mayer's albumin, 417 
Measurements, microscopical, 398 
Medullary carcinoma, 384 

sheath, 97 
Meissner, corpuscles of, 253 
Melano-sarcoma, 369 
Membrane, basement, 58 

croupous, 318 

diphtheritic, 294 

pyogenic, 313 
Mercuric chloride solution, 405 
Mesoderm, 22 
Metakinesis, 37 
Metaplasia, 291 
Metaplasm, 33 
Methylene- blue, aqueous, 423 

Unna's, 422 
Microchemical reactions, 436 
Microscope, care of, 397 

selection of, 397 
Microscopical measurements, 398 

technique, 399 
Migratory cells, 124 
Mitral cells, 258 



Monaster-phaae of karyokineBis, 37 
Mononuclear leucocytes, large, 125 
Moss-fibres, 246 
Motor plates, 104 
Mounting, methods o( 429 

Canada-balsam, 428, 430 

Dammar, 428 

glycerin, 430 

glycerin-jelly, 431 
Movement, Brownian, 29 

amoeboid, 29 
Mucoid marrow, 119 
Mucous degeneration, 277 

tissue, 74 
Mucus, 278 
Muller, cells of, 262 
Mailer's fluid, 403 
Muscular tissues, 83 

tumors, 370 
Muscle, cardiac, 89 

regeneration of, 340 
involuntary, 88, 91 
smooth, 83 

function of, 88 

regeneration of, 339 
striated, 91 

regeneration of, 340 
Myelin, 97, 98 
Myelocytes, 119 
Myxcedema, 183 
Myxoma, 353 

NAILS, 201 
Necrosis, 293 
coagulation-, 294 
liquefaction, 295 
of nucleus, 294 
Nephritis, acute parenchymatous, 272 
Nerve-cells, 95 
degeneration of, 283 
-fibres, 96 
-terminations, 103 
Nervous system, 234 
tissues, 94 
regeneration of, 340 
Neurilemma, 97 
Neurite, 234 
Neuroglia, 101 
Neurons, 234 
Nodes of Ranvier, 98 
Nucleolus, 29, 33 
Nucleus, 29 
necrosis of, 294 
structure of, 33 

rnSOPHAGUS, 134 
Uj Olfactory bulb, 258 
layers of, 258 
glomeruli, 258 
Organs, 106 
Orth's fluid, 404 
Origanum, oil of, 429 
Ossification of cartilage, 64 
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Osteoma, 353 
Ovary, 207 • 
Ovula Nabothi, 216 
Ovum, 20 

maturation of, 217 

PACINIAN bodies, 252 
Pancreas, 142 
Papilloma, 394 
Paraffin, 409, 413 
Parathyroids, 185 
Parenchyma, 106 
Parenchymatous degeneratioDi 266 

inflammation, acute, 268 
chronic, 269 

nephritis, acute, 272 
Passages, alveolar, 170 
Passive conation, 326 

hypersemia, 326 
Pavement-epithelium, 51 
Pelvis, renal, 163 
Penis, 222 
Perichondrium, 65 
Perineurium, 100 
Periosteum, 71 
Peyer's patches, 143 
Phagocytosis, 332 
Phosphates, earthy, tests for, 436 
Pia mater, 251 
Picture, color-, 402 

structure-, 402 
Pituitary body, 189 
Plasma-cells, 120 
Pleurisy, 314 
Pneumonia, broncho-, 317 

catarrhal, 317 

lobar, 313 
Polar b<Klies, 35, 217 
Polynuclear neutrophilic leucocytes, 1 25 
Potential enerj<y, 18 
Pressure-atrophy, 285 
Prickle-cells, 55* 

Projection -fibres of cerebrum, 249 
Prostate, 224 
Protoplasm, 29 
Psaiumoma, 356 
PseudoiKxliuiii, 29 
Pseiido-stomata, 47 
Pulmonary alveoli, 171 
Purkiiije, cells of, 243 
Pus, 312 

Pyloric glands, 136 
Pyogenic nietnbrane, 313 

RANVIER, nodesof, 98 
Razor, stropping, 415 
Reaction, microchemical, 436 
Re<tum, 142 
Red corpuscles, 123 
Rejrcncratiou of bone, 338 
of cartilage, 338 
of endothelium, 3^^C 
of epithelium, 336 



B^generation of fibrous tissue, 836 

of muscles, cardiac^ 340 
smooth, 339 
striated, 340 

of nervous tissaeSy 340 

of tissues, 834 
Benal pelvis, 163 
Repair, inflammatory, 808 
Reproductive organs, 207 
Respiratory oigans, 168 
Rete mucosam, 197 

vasculosom, 288 
Reticular tissue, 76 
ReUna,260 

sustentacular cells of, 261 
Rhabdomvoma, 372 
Round-cell sarcoma, large, 864 
small, 362 

SALIVARY glands, 181 
Salt solution, normal, 899 
Saroolemma, 98 
Sarcoma, 859 

ffiant-cell, 367 

lai^ge round-cell, 864 

lympho-, 363 

melanotic, 869 

small round-cell, 862 

spindle-cell, 865 
Sarcoplasm, 93 
Sarcostyles, 93 
Sarcous elements, 98 
Scar, 308 

Schwann, sheath of, 98 
Scirrhous carcinoma, 884 
Sebaceous glands, 201 
Secreting inlands, 68 
Secretion, internal, 62 
Sections, rapid preparation o( 431 

staining of, 402 
Sediments, examination of, 482 
Seminal vesicles, 225 
Senile atrophy, 287 
Serous infiltration, 276 

inflammations, 315 
Sertoli, cells of, 228 
Sharpey's fibres, 70 
Sheath of Schwann, 98 
Sight, 260 

Simple carcinoma, 384 
Skin, 196 

functions of, 203 
Smears, cover-glass, 438, 485 
Smell, 255 
Smooth muscles, 88 
Special senses, organs of, 252 
S()erniatids, 227 
Siwrmatocytes, 227 
Spermatogonia, 227 
Spermatozoa, 231 
Si>inal cord, 236 

association-fibres of, 289 
collateral fibres of, 289 
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Spindle, achromatic, 37 
Spindle-cell sarcoma. 365 
Spirem, formation o^ 35 
Spirem-phase of karyokinesis, 35 
Spleen, 176 

Malpigliian bodies of, 177 
Spongioblasts, 262 
Spongioplasm, 29 
Sputa, elastic fibres in, 438 

tubercle-bacilli in, 433 
Staining, methods of, 418 

carmine, alum-, 421 
borax-, 421 
lilhio-, 421 
neutral, 420 

eosin, 420 

fuchsin, carbol-, 423 

gentian-violet, 423 

Golgi's methods, 427 

Gram's solution, 424 

hsematozylin, 418 

iron-liematoxylin, 425 

methylene-blue, 422, 423 

Pal's method, 426 

Van Giesen's stain, 425 
Stasis, inflammatory, 298 
Starch, tests for, 436 
Stellate cells, 245 

large, 245 

small, 245 
Stomach, 134 
Stomata, 46 

pseudo-, 47 
Stratum granulosum, 198 

Incidinm, 198 
Stratified epithelium, 54 
Striated muscles, 91 
Stropping, method of, 415 
Submaxillary glands, 131 
Substance, contractile, 83 
Suppuration, 296. 309 
Supra-renal capsules, 186 
Sustentacular cells of retina, 261 

of testis, 227 
Sweat-glands, 198 

TACTILE corpuscles, 252 
Taste, 254 
-buds, 254 
Teasing, 400 

Technique, microscopical, 399 
Teetli, 205 
Teledendrites, 234 
Teleneurites, 234 
Tendon, 80 
Testes, 225 
Tests for urates, 436 
amyloid substance, 437 
calcium oxalate, 436 
carbonates, 436 
cellulose, 436 
granules, albuminoid, 436 
fatty, 436 



Tests for haemoglobin, 436 
iron, 437 

phosphates, earthy, 436 
starch, 436 
Tissue, adipose, 78 
areolar, 76 
cicatricial, 308 
connective, 63 
elementary, 41 

recognition of, 43 
erecUle, 222 
fibrous, 72 
fixation of, 401 
fixed elements of, 303 
granulation-j 304 
lymphadenoid, 76 
mucous, 74 
muscular, 83 
necrosed, fate of, 295 
nervous, 94 
Tissues, cardiac muscular, 89 
preparation of, 399 
by cutting, 400 
by maceration, 400 
regeneration of, 334 
reticular, 76 
smooth muscular, 83 
striated muscular, 91 
Throrabo-phlebitis, 329 
Thrombosis, 329 
Thrombus, 329 
Thymus, 192 
Thyroid gland, 181 
Thyro-iodine, 184 
Tongue, 129 
Tonsils, 143 
Touch, 252 
Trachea, 168 

Transitional epithelium, 56 
Tubercle, 320 

-bacilli, detection of, 433 
Tubercular ulcer, 322 
Tuberculosis, 319 
Tubes, Fallopian, 210 

of Henle, 155 
Tumors, 341 
angiomatous, 373 
hemangioma, 374 
lymphangioma, 371 
benign, 342 
classification of, 345 
connective-tissue, 347 
chondroma, 350 
cylindroma, 356 
endothelioma, 355 
fibroma, 347 
keloid, 360 
lipoma, 350 
myxoma, 353 
osteoma, 353 
psammoma, 356 
sarcoma, 359 
giant-cell, 367 
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Tumon, oonnectiTe-tiflBue, sarcoma, lai^ge 
round-cell, 364 
lyinpho-, 363 
melanotic, 369 
small round-cell, 362 
spindle-cell, 365 
epithelial, 376 
adenoma, 376 
adeno-tibroma, 377 
cystic, 377 

intracanalicular, 378 
carcinoma, 382 

adeno-carcinoma, 390 
medullary, 384 
simple, 384 
scirrhous, 384 
colloid, 388 
cystoma, 392 
epithelioma, 391 
glioma, 394 
etiology of, 342 
malignant, 343 
metastasis of, 344 
mixed, 344 

morbid changes in, 344 
muscular, 370 
leiomyoma, 370 
rhabdomyoma, 372 
nomenclature of, 345 
papillomata, 394 
Tunica albuginea, 226 
vaginalis, 226 



Tanica, granulosa, 209 
media, 112 

ULCEB, tubercoUr, 322 
Urates, testa for, 436 
Ureter, 164 
Urethra, 165 
Urinary organs, 153 
Uterus, 211 

VACUOLES^ 3D 
contractile, 30 
Vagina, 216 
Van Giesen's stain, 425 
Vaa deferens, 225 
Vasa efferentia, 233 

recta, 233 
Veins. 113 
Vesicles, seminal, 225 
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ARTS, 395 
White corpuscles, 124 
fibres, 73 



VYLOL, 428 



Y 
Z 



ELLOW fibres, 73 



ENKER'S fluid, 404 
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which are colored, and 17 charts. Cloth, $1.50. 

BBUOE (J. MITCHELL). MATERIA MEDIC A AND THERAPEUTICS. 
Fifth edition. In one 12mo. volume of 591 pages. Cloth, $1.50. See StudenUf Series of 
Manuals, page 14. 

PRINCIPLES OF TREATMENT. In one octavo volume. Prepanng. 

BBUNTON (T. LAIJDEB). A MANUAL OF PHARMACOLOGY, THERA- 
PEUTICS AND MATERIA MEDIC A; including the Pharmacy, the Physiological 
Action and the Therapeutical Uses of Drugs. In one octavo volume. 

BBYANT (THOMAS). THE PRACTICE OF SURGERY, Fourth American 
from the fourth English edition. In one imperial octavo volume of 1040 pages, with 727 
illustrations. Cloth, $6.50; leather, $7.50. 

BUMSTEAD (P. J.) AND TAYLOB (B. W.). THE PATHOLOGY AND 
TREATMENT OF VENEREAL DISEASES, See Ibylor on Venereal Diseases, 
page 15. 

BUBCHABD (HENBY H.). DENTAL PATHOLOGY AND THERAPEUTICS, 
INCLUDING PHARMACOLOGY. Handsome octavo, 676 pages, with 400 illus- 
trations. Just ready. Cloth, $5 ; leather, $6. (Net. ) 
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BURNETT (CHARLES H.]- THE EAR: ITS ANATOHY, PHYSIOLOQ) 
AND DFSEASES. A PracUcal Treatise for the Use of Student* and Pr&ctiticai« 
Second edition. In one Svo. volume of 580 pages, with 107 illostrstioiu. Cloth, %{ 
leather, f5. 

BUTLIN (HENEY T.)- DISEASES OF THE TONGUE, lo one po<:ke(-A 
12iuo. volume of 466 pages, with S colored plat^ and 3 engravinga. Ump cloth, ^3.0 
&ee Seriet of Ctinieal Maniuibi, page 13. 

OAETEE (E. BEUDENELL) AND FEOST (W. ADAMSj. OPHTHALMI 
SUBOESY. In one pockel-«ze 12iuo. volume of 55B pages, with 91 engraviogB aa^* 
one plate. Cloth, f 2.25. See Stria of CUnicai ManuaU, page 13. 

OASPAEI ((mAELES. JB.)- A TREATISE ON PHASMACY. For 8tad«rt 

and Pharmacials. In one handsome octavo volame of GSO pages, with 288 illiut(ati<M 

Clolh, $4.50. 
OHAPHIAN (HENEY O.j. A TREATISE ON HUMAN PHYSIOLOGY. 1 

one octavo volume of 925 pages, with 605 illuHtrationa. Cloth, $6.60; leather, 16.50. 
OHAELES IT, CEANSTOITN). THE ELEMENTS OF PHYSIOLOGICAL 

AND PATHOLOGICAL CHEMISTRY. In one hnndsorao octavo volume of M 

pages, with 38 engravings and 1 colored plate. Cloth, $3.50. 
OHEYNE (W. WATSON). THE TREATMENT OF WOUNDS, ULCERS 

AND ABSCESSES. In one I2mo. volume of 207 pages. Cloth, J1.2" 

OHUEOHILL (FLEETWOOD). ESSAYS ON THE PUERPERAL FEVEMi 

In one octavo volume of 4C4 pages. Cloth, $2.50. 

OLABEE (W. B.j AND LOCKWOOD fC, B.). THE DISSECTOR'S MANUAIt 

la one I2mo. volume of 39fi pagftf, with 49 engravings. Cloth, $1.60. See SludatU Srrii 

of Manuali, page 14. 
OLELABD (JOHN). A DIRECTORY FOR THE DISSECTION OF TBI 

HUMAN BODY. In one 12rao. volume of 178 pages. Cloth, $1.25. 
CLINICAL MANT7ALB. See Stria of Clinit^ Ma«ual«, page 13. 
OLOUSTON (THOMAS 8.). CLINICAL LECTURES ON MENTAL DU 

EASES. New |5th) ediUon. Crown 8to., of 736 pages with 19 colored plBleg, aoll 

K2.5, m'(. Ju^t Ilr'idy. 
I $er FoLSoM's AliatTacl of Lam of U.S. on CaMody of I'lganr^ ocUvo, $1.50, u 
conjunction with Cloatlon on Menial Diatatfn for $5.00 for the two works. 

CLOWES (FEANE). AN ELEMENTARY TREATISE ON PR. 

CHEMISTRY AND QUALITATIVE INORGANIC ANALYSIsTi. 

fourth English edition. In one handsome 12mo. volume of 3ST pages, with fl 

ings. Cloth, $2.50. 
OOAKLEY (COENELIUS O.). *rHE DIAGNOSIS AND TREATMENT oM 

DISEASES OF THE NOSE, THROAT. NASO-PHARYNX AND TRACHEif 

In one 12mo. volume of about 400 pages, fully illustrated Preparing. 

COATS (JOSEPH). A TREATISE ON PATHOLOGY. In one volame of « 

pages, wilh 3'A\) engrovinga. Cloth, $5.50; leather, $11.60. 
COLEMAN (ALFRED). A MANUAL OF DENTAL SURGERY AND PAT^ 

OLOGY. Wilh Notes and Additions lo adapt it to American Practice. Bj Tnoe. Q 

8TE1J.WAOEN, M.A., M.D., D.U.S. In one handsome octavo volume of 412 page^ ■' 

331 engravings. Cloth, $3.26. 
OONDIE (D. FEANOIS). A PRACTICAL TREATISE ON THE DISEASM 

OF CHILDREN, Sixth edition, revised and enlarged. In one large tiro. TolunMol 

719 pages. Cloth, $6.26; leather, $6.25. 
OOENIL (V.). SYPHILIS: ITS MORBID ANATOMY, DIAGNOSIS ANj/i 

TREATMENT. Translated, with Notes and Additions, by J. IIenky C. Sine, \ 

and J. WiixiAU White, M.D. In one Svo. volume of 461 pages, with 84 illos' ' 

Cloth, $3.75. 
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OULVEB (E. M.) AND HATDEN (J. R.). MANUAL OF VENEREAL DIS- 
EASES. In one 12mo. volume of 289 pages, with 33 engravings. Cloth, $1.75. 

DALTON (JOHN 0.}. A TREATISE ON HUMAN PHYSIOLOGY. Seventh 
edition, thoroaghly revised. Octavo of 722 pages^vrith 252 engravings. Cloth, $5; leather,$6. 

DOCTRINES OF THE CIRCULATION OF THE BLOOD. In one hand- 



some 12mo. volume of 293 pages. Cloth, $2. 

DAVENPORT (P. H.). DISEASES OF WOMEN. A Manual of Gynecology. 
For the use of Students and General Practitioners. New (3d) edition. In one hand- 
some 12mo. volume, 387 pages and 150 engravings. Cloth, $1.75, net. Just Ready. 

DAVIS ( P. H.). LECTURES ON CLINICAL MEDICINE. Second edition. In 
one 12mo. volume of 287 pages. Clothj $1.75. 

DAVIS (EDWARD P.). A TREATISE ON OBSTETRICS. For Students and 
Practitioners. In one very handsome octavo volume of 546 pages, with 217 engravings, 
and 30 Ml-page plates in colors and monochrome. Cloth, $5 ; leather, $6. 

DE LA BECHE'S GEOLOGICAL OBSEB VER. In one large octavo volume of 700 
pages, with 300 engravings. Cloth, $4. 

DENNIS (PREDERIC S.) AND BILLINaS (JOHN S.). A SYSTEM OF 
SURGERY. In Contributions by American Authors. In four very handsome octavo 
volumes, containing 3652 pages, with 1585 engravings, and 45 full-page plates in colors 
and monochrome. Complete work just ready. Per volume, cloth, $6 ; leather, $7 ; half 
Morocco, gilt back and top, $8.50. For Bale by syhecription only. Full prospectus f^. 

DEROUM (PRANOIS X.). Editor. A TEXT-BOOK ON NERVOUS DLS^ 
EASES. By American Authors. In one handsome octavo volume of 1054 pages, vrith 
341 engravings and 7 colored plates. Cloth, $6 ; leather, $7. (jVe^ ) 

DE SOHWEINITZ (QEORQE E.). THE TOXIC AMBLYOPIAS; THEIR 
CLASSIFICATION, HISTORY, SYMPTOMS, PATHOLOGY AND TREAT- 
MENT. Very handsome octavo, 240 pages, 46 engravings, and 9 full-page plates in 
colors. Limited edition, de luxe binding, $4. {Net.) 

DRAPER (JOHN C). MEDICAL PHYSICS. A Text-book for Students and Prac- 
titioners 01 Medicine. Octavo of 734 pages, with 376 engravings. Cloth, $4. 

DRUITT (ROBERT). THE PRINCIPLES AND PRACTICE OF MODERN 
SURGERY. A new American, from the twelfth London edition, edited by Stanley 
BoTD, F.R.C.S. Large octavo, 965 pages, with 373 engravings. Cloth, $4 ; leather, $5. 

DUANE (ALEXANDER) . THE STUDENT'S DICTION AR Y OF MEDICINE 
AND THE ALLIED SCIENCES. Comprising the Pronunciation, Derivation and 
Full Explanation of Medical Terms. Together with much Collateral Descriptive Matter, 
Numerous Tables, etc. New edition. With Appendix. Square octavo volume of 690 pages. 
Cloth, $3 ; half leather, $3.25 ; full sheep, $3.75. Thumb-letter Index, 50 cents extra. 

DUDLEY (E.G.). A TREATISE ON THE PRINCIPLES AND PRACTICE 
OF GYNECOLOGY. For Students and Practitioners. In one very handsome octavo 
volume of 652 pages, with 422 engravings, of which 47 are colored, and 2 full page 
plates in colors and monochrome. Cloth, $5.00, net; leather, $6.00, net. 

DUNCAN (J. MATTHEWS). CLINICAL LECTURES ON THE DISEASES 
OF WOMEN. Delivered in St Bartholomew's Hospital. In one octavo volume of 
175 pages. Cloth, $1.50. 

DUNQUSON (ROBLEY). A DICTIONARY OF MEDICAL SCIENCE. Con- 
taining a full Explanation of the Various Subjects and Terms of Anatomjr, Physiology, 
Medical Chemistry, Pharmacy, Pharmacology, Therapeutics, Medicine, Hygiene, Dietetics, 
Pathology, Surgery, Ophthalmology, Otology, Lar^gology, Dermatology, Gynecology, 
Obstetrics, Pediatrics, Medical Jurisprudence, Dentistry, etc., etc. By Robley Dungli- 
80N, M.D., LL.D., late Professor of Institutes of Medicine in the JelTerson Medical Col- 
1^ of Philadelphia. Edited by Richard J. Dunglison, A.M., M.D. Twenty-first 
edition, thoroughly revised and greatly enlarged and improved, witn the Pronunciation, 
Accentuation and Derivation of the Terms. With Appendix. Imperial octavo of 1226 
pages. Cloth, $7 ; leather, $8. Thumb-letter Index, 75 cents extra. 

DUNHAM (EDWARD K.). MORBID AND NORMAL HISTOLOGY. Octavo, 
450 pages, with 360 illustrations. Cloth, $3.25, net. Jmt Beady. 
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EDES (ROBEET T.). TEXT-BOOK OF THERAPEUTICS AND MATERIA 

MEDIC A. In ooe 8vo. volume of 54^ pagra. Cloth, 83..50 ; leather, $4.50. 
EDIS (ABTHUB W.). DISEASES OF WOMEN. A Manaal for Studenla »at 

Prai'titiiiaer'. In one hBailtome Sto. volmue of 576 pngea, with 143 engnTliif^ 

Cloth, t3; leather, f 4. 
EOBEKT (SENECAt. HYGIEXE AND SANITATION. In ooe 12mo. Tolmneof 

S5\> [wt^es. with <>3 illustratiooB. JaM ready. Cloth, $2.25, net. 
ELUS aSOBQE VINEEl. DEMONSTRATIONS IN ANATOMY. Being ■ 

i.)uiile to the Knowledge of the Humao Bodv hy DisHection. From the raghth and revised 

Entfiish edition. Ootivo, 716 pages, with 249 engraringg. Cloth,$4.26; leather, $6.25. 
EHHET (THOMAS ADDIS). THE PRINCIPLES AND PRACTICE OF 

GYN.ECOLOQY. For the oseof Studenle and Praetiti oners. Third edition, enlarged 

and revued. Sto. of S^O pages, with 150 original engrsFingB. Cloth, $5 ; leather, *' 
ERI0H8EN (JOHN E.). THE SCIENCE AND ART OF SURGERY. 

Ameriiau) from the dghth enlnr^d and revised London edition, la two large octant 

Tolumes containing 2316 pogex, with 9fl4 engrsTin^. Cloth, $9; leather, $11. 
SSSia (OHABLES J.). PROSTHETIC DENTISTRY. See ^mmain Tal-booti 

^ Daltitty.pmgB'i. 
FABQDHAB80H {EOBEET}. A GUIDE TO THERAPEUTICS. Foortfc 

Amerkan from fourth English edition, revised by Fhamk Woodbttbt, M.D. 

ISnKL volunM of 5SI pages. Cloth, $2.50. 

FIELD (GEOEOE P.). A MANUAL OF DISEASES OF THE EAR. Fourth 
edition. <\^aro, 391 pages, with 73 engraviuga and 21 colored plates. Clotli, $3.75. 

FLINT (AtrSTINi. A TREATISE ON THE PRINCIPLES AND PRACTICE 
OF MEDICINE. New IVth} edition, ihoroughlv revised by Frederick P. Kbhbt^ 
ILIX In one Urge Svo. volume of 1143 pages, with engravinp. Cloth, $5; leather, $r 

.4 MANUAL OF AUSCULTATION AND PERCUSSION; of the Ph/ri- 

0*1 r)i*|pia«ii< of Diseases of the Lungs sod Heart, and of Thoracic Aneurism. Flftfe 
•ditlOD, revised by Jamks C. Wiuo^f, M.D. In one handsome 12mo. volume of 274 
pag**, with 12 engravings. 

A PRACTICAL TREATISE ON THE DIAGNOSIS AND TREATS 

MKNT OF DISEASES OF THE HEART. Second edition, enlarged. 
OCUTu vnliitne of 650 pBgea. Cloth, $4. 

— - A PRACTICAL TREATISE ON THE PHYSICAL EXPLORATIOl 

or THE CHEST, AND THE DIAGNOSIS OF DISEASES AFFECTINO 

TBK KKSPIIiA TOR Y ORGANS. Second and rBvised edition. In one ocUvt ' 

MM itf 6\>1 panw- Cloth, $4.50. 
^ MEDICAL ESSAYS. In one 12mo. volume of 210 pages. Cbtb, $1.38. 
— - OS PHTHISIS^ ITS MORBID ANATOMY, ETIOLOGY, ETC. 

qt tlluUvl LBCturm. In one Svo. volume of 442 pages. Cloth, $3.50. 
fOUOM tO. P.). AN ABSTRACT OF STATUTES OF U. S. ON CUSTOD] 

V¥ ruts INSANE. In one 8vo. volume of 108 pages. Cloth, $1.60, With Oa 

m WmM Dununi (*oepage4^, at $5.00 for the two workn. 
fOUCUULRT. TEE NATIONAL. See SHU^, MaMi S: Catpari'i National Di^ 

*<"», f*to 1 *. 
TlJttfU iHIOHAEL). A TEXT-BOOK OF PHYSIOLOGY. New (6lh) 

mitwil AmmHiiiu (him (he tdilh English edition. In one large octavo volume <rf 
' It W7 llltiotnitioiu. Cloth, $4.50 ; leather, $5.50. 
I (J. HILNEBi 

_ rr. Thitii «uti< 
J4; tMihM, $t.:5. 

ItOEt. A MANUAL OF ELEMENTARY CHEMISTRY (JJ 
' ORGANIC). Twelfth edition. Embodj-inp Watts' PHynaai • 
luonemyal 12mo. volume of 1061 page^with l((8engraviiigi,M 
CWkSlTfi; leather, $3.25. 
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PRANKLAND (E.) AND JAPP (P. R.). INOBOANIO CHEMISTRY. In one 
handsome octavo volume of 677 pages, with 51 engravings and 2 plates. Cloth, $3.75 ; 
leather, $4.75. 

FULLER (EUGENE). DISORDERS OF THE SEXUAL ORGANS IN THE 
MALE. In one very handsome octavo volume of 238 pages, with 25 engravings and 
8 full-page plates. Cloth, $2. 

PULLER (HENRY). ON DISEASES OF THE L UNOS AND AIR-PASSA 0E8. 
Their Patnologj, Physical Diagnosis, Symptoms and Treatment. From second English 
edition. In one 8vo. volume of 475 pages. Cloth, $3.50. 

GANT (PREDERIOK JAMES). THE STUDENT'S SURGERY. A Multum in 
Parvo. In one square octavo volume of 845 pages, with 159 engravings. Cloth, $3.75. 

GERRISH (FRRDERIC H.). A TEXT-BOOK OF ANATOMY. Bv American 
Authors. Edited by Frederic H. Gerrish, M.D. In one imp. octavo volume, richly 
illustrated. Preparing. 

GIBBES (HENEAGE). PRACTICAL PATHOLOGY AND MORBID HIS- 
TOL OGY. Octavo of 314 pages, with 60 illustrations, mostly photographic Cloth, $2.75. 

GE3NEY (V. P.). ORTHOPEDIC SURGERY. For the use of Practitioneni and 
Students. In one 8vo. volume profusely illustrated. Preparing. 

GOULD (A. PEARCE). SURGICAL DIAGNOSIS. In one 12mo. volume of 589 
pages. Cloth, $2. See StudmUf Serin of Mantuds, page 14. 

GRAY (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. New 
American edition of 1897, thoroughly revised. In one imperial octavo volume of 1289 
nages, with 772 large and elaborate engravings. Price with illustrations in colors^ cloth, 
$7 ; leather, $8. !race, with illustrations in black, cloth, $6 ; leather, $7. 

GRAY (LANBON GARTER). A TREATISE ON NERVOUS AND MENTAL 
DISEASES. For Students and Practitioners of Medicine. Second edition. In one 
handsome octavo volume of 728 pages, with 172 engravings and 3 colored plates. Cloth, 
$4.75; leather, $575. 

GREEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY AND MOB^ 
BID ANATOMY. New (8th) American from eighth and revised English edition. 
Oct 595 pages, with 215 engravings and a colored plata Cloth, $2.50, neL Jtut Ready. 

GREENE (WILLIAM H.). A MANUAL OF MEDICAL CHEMISTRY. For 
the Use of Students. Based upon Bowman's Medical Chemiatry, In one 12mo. voloma 
of 310 pages, with 74 illustradons. Cloth, $1.75. 

GROSS (SAMUEL D.). A PRACTICAL TREATISE ON THE DISEASES, 
INJURIES AND MALFORMATIONS OF THE URINARY BLADDER, 
THE PBOSTATE GLAND AND THE UBETHBA. Third edition, revised by 
Samuel W. Gross, M,D. Octevo of 574 pages, with 170 illustrations. Qoth, $450. 

HABERSHON (S. 0.). ON THE DISEASES OF THE ABDOMEN, comprising 
those of the Stomach, CBsopha^^us, Cecum, Intestines and Peritoneum. Second Amer^ 
ican from the third English edition. In one octavo volume of 554 pages, with 11 engrav- 
ings. Cloth, $3.50. 

HAMILTON (ALLAN McLANE). NER VO US DISEASES, THEIR DESCRIP- 
TION AND TREATMENT. Second and revised edition. In one octavo volume of 
598 pages, with 72 engravings. Cloth, $4. 

HAMILTON (PRANK H.). A PRACTICAL TREATISE ON FRACTURES 
AND DISLOCATIONS. Eighth edition, revised and edited bj Stephen Smith, 
A.M., M.D. In one handsome octavo volume of 832 pages, with 507 engravin/QB. 
Cloth, $5.50; leather, $6.50. 

HARDAWAY (W. A.). MANUAL OF SKIN DISEASES. New (2d) edition. 
In one 12mo. volume, 560 pages with 40 illustrations and 2 colored plates. Cloth, 
$2.25, net. Just Ready. 

HARE (HOBART AMORY). A TEXT-BOOK OF PRACTICAL THERA- 
PEUTICS, with Special Reference to the Application of Remedial Measures to Disease 
and their EmploTment upon a Rational Basis. With articles on various subjects by well* 
known specialists. New (7th) and revised edition. In one octavo volume of 775 pages. 
Cloth, $3.75, net; leather, $4.50, nU. 

PRACTICAL DIAGNOSIS. The Use of Symptoms in the Diagnosis of Disease. 

New (3d) edition, revised and enlarged. In one octavo volume of 615 pages, with 204 
engravings, and 13 full-page plates. Cloth, $4.75, net. Just Ready. 
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HABE (HOBABT AMORY), Editor. A SYSTEM OF PRACTICAL THERA- 
PEUTICS. Bv American and Foreign Authors. In a, serisB or contributions bv emi 
nent practitioner. In four large ocmto volumes compriiiing 4600 pages, with 4T(i 
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lenther, ^6 ; half Russia, (7. Complete work, cloth, (20 ; leather, ^24 ; half Riinja, $28. 
For mk by mbtrriplion only. Full proapeclua free on application to the Publisliert. 

KARTBHORNE [HEMRY]. ESSENTIALS OF THE PRINCIPLES AND 
PRACTICE OF MEDICINE. Fifth edtlion. In one 12mo, volume, Sf" 
with U4 engravings. Cloth, J2.75 ; half bound, f3. 

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 12mo. 

volume of 310 pagee, with 220 engraving Cloth, (1.75, 

A CONSPECTUS OF THE MEDICAL SCIENCES. Comprising Manoab 

of Anatomy, Phjiuolog^, Chemistry, Materia Medics, Practice of Medicine, Surgery and 
Obstetricfl. Second edition. In one royal ]2mo. volume of 1028 pagee, with 477 illiia* 
trations. Cloth, $4.25; leather, $5. 

HAYDEN (JAMES R.). A MANUAL OF VENEREAL DISEASES. In ta* 

12mo. volume of 2113 pages, nith 47 engravings. Cloth, £1.50. 
HAYEM (pEOROES) AND HARE (H. A.). PHYSICAL AND NATURAD 

THERAPEUTICS. The Remedial Use of Heat, Electricity, Modifications of AUiu»- 

Eheric Prcffiure, Climutea and Mineral Waters. Edited bv Prof. H. A. Hake, M.I>{ 
n one octavo volume of 414 pages, with 113 engravings. Cloth, 23. 
HERMAN (Q. ERNEST}. FIRST LINES IN MIDWIFERY. I2mo., I 

with 80 engravings. Cloth, (1.25. See SlurfoiOt' SrrUg of Mataiab, p^ge 14. 
HERMANN (L,). EXPERIMENTAL PHARMACOLOGY. A Hondboot of th« 
Methods for Determining the Phyidological Actions of Drugs. Translated by Robebx 
Miui'K Smitfi, M. D. In one 12mo. vol. of 190 pages, with 32 engravings. Cloth, |1.5a 

HERRICK (JAMES B.). A HANDBOOK OF DIAGNOSIS. In one handsomy 

12nio. volume of 42U pagoi, with 30 engravings and 2 colored plates. Cloth, (2.501^ 
TTTT.T. (BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS DISORDERS,' 

In one 8vo. volume of 47W pages. Cloth, (3.25. ^ 

HILUER (THOMAS). A HANDBOOK OF SKIN DISEASES. Secom 

In one royai llinio. volume of 353 pages, with two plates. Cloth, (2.26. 
HIRST (BARTON C.) AND PIiatBOL (GEORGE A.l. HUMAN MONSTRod 



ITIES. Mngniliceot folio, containing 220 pages of I«xt and illustnted with 123 
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edition. For tale by tvbtmptum imfy. 
HOBLYN (RIOHARD D.). A DICTIONARY OF THE TERMS USED . 

MEDICINE AND THE COLLATERAL SCIENCES. In one 12ino. volume d 

£20 double^olumned pages, Qoth, (l.GO; leather, (2. 
HODGE (HTTGHL.). ON DISEASES PECULIAR TO WOMEN, INCLUDIN0 

DISPLACEMENTS OF THE UTERUS. Second and revised edition " 

8vo. volume of .519 pages, with iltufalrations. Cloth, |4.S0. 
HOITMANN (FBEDERIOK) AND POWER (FREDERICK B.l. A MANVA. 
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and their Preparations. Third edition, entirely rewritten and much enlarged. 

handsome octavo volume of U21 pages, with 179 engravings. Cloth, (4.25. 
HOLDEN (LUTHERt. LANDMARKS, MEDICAL AND SURGICAL. 

the third English edition. With additions by W. W. Keen, M.D. In one royal l3aM, 

volnme of 14H pages. Cloth, Jl. 
HOLMES (TIMOTHY). A TREATISE ON SURGERY. It« Principles a 
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Cloth, (S; leather, $7. 
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HOENEE (WILLIAM E.). SPECIAL ANATOMY AND HISTOLOGY, Eighth 
edition^ revised and modified. In two large Svo. volumes of 1007 pages, containing 320 
engravings. Cloth, $6. 

HUDSON (A.). LECTURES ON THE STUDY OF FEVER, In one octovo 
volume of 308 pages. Cloth, $2.50. 

HUTCHISON (EOBEET) AND EAINY (HAEEY). CLINICAL METHODS 
An Introduction to the Practical Study of Medicine. In one 12mo. volume of 562 pages, 
with 137 engravings and 8 colored plates, Cloth, $3.00. Just ready. 

HUTCHINSON (JONATHAN). SYPHILIS. 12mo., 542 pages, with 8 chromo- 
Uthographic plates. Cloth, $2.25. See Serus of Clinical ManuaU, page 13. 

HYDE (JAMES NEVINS). A PRACTICAL TREATISE ON DISEASES OF 
THE SKIN New (4th) edition, thoroughly revised. Octavo, 815 pages, with lia 
engravings and 12 full-page plates, 4 of which are colored. Cloth, $5.25; leather, $6.25. 

JACKSON ( GEOEGE THOMAS) . THE READ Y-REFERENCE HANDS OK 
OF DISEASES OF THE SKIN, Second edition. In one 12mo. volume of 589 
pages, with 69 engravings, and one colored plate. Cloth, $2.75. 

JAMIESON (W. ALLAN). DISEASES OF THE SKIN, Third edition. Octavo, 
656 pages, with 1 engraving and 9 double-page chromo-lithographic plates. Cloth. $6. 

JEWETT (CHABLES). ESSENTIALS OF OBSTETRICS. In one 12mo. volume 
of 356 pages, with 80 engravings and 3 colored plates. Cloth, $2.25. Just ready, 

A TEXT-BOOK OF OBSTETRICS. By American Authors. One large octavo 

volume, profusely illustrated. In press. 

JONES (C. HANDFIELD). CLINICAL OBSERVATIONS ON FUNCTIONAL 
NER VO US DISORDERS. Second American edition. In one octavo volume of 340 
pages. Cloth, $3.25. 

JULEB (HENBY). A HANDBOOK OF OPHTHALMIC SCIENCE AND 
PRACTICE. Second edition. In one octavo volume of 549 pages, with 201 engrav* 
ings, 17 chromo-Iithographic plates, test-t3rpes of Jaeger and Snellen, and Holmgren's' 
Color-Blindness Test. Cloth, $5.50; leather, $6.50. 

EIBK (EDWABD 0.). OPERATIVE DENTISTRY. See American Teztrhooks qf 
Dentistry, page 2. 

KENa (A. P. A.). A MANUAL OF OBSTETRICS. Seventh edition. In one 12mo.. 
volume of 573 pages, with 223 illustrations. Cloth, $2.50. 

KLEIN (E.). ELEMENTS OF HISTOLOGY. New (5th) edition. In one pocket- 
size 12mo. volume of 506 pages, with 296 engravings. Cloth, |2.00, net. Just Ready. 
See StvdenUf Series of Manuals, page 14. 

LANDIS (HENBY O.). THE MANAGEMENT OF LABOR. In one handsome 
12mo. volume of 329 pages, with 28 illustrations. Cloth, $1.75. 

LA BOCHE (B.). YELLOW FEVER. In two 8vo. volumes of 1468 pages. 
Cloth, $7. 

PNEUMONIA. In one 8vo. volume of 490 pages. Cloth, $3. 

LAUBENCE (J. Z.) AND MOON (BOBEBT C). A HANDY-BOOK OF 
OPHTHALMIC SURGERY. Second edition. In one octavo volume of 227 pages, 
with 66 engravings. Cloth, $2.75. 

LEA (HENBY C). CHAPTERS FROM THE RELIGIOUS HISTORY OF 
SPAIN; CENSORSHIP OF THE PRESS; MYSTICS AND ILLUMINATI; 
THE ENDEMONIADAS ; EL SANTO NINO DE LA GUARDIA; BRL 
AND A DE BARDAXL In one 12mo. volume of 522 pages. Qoth, $2.50. 

A HISTORY OF AURICULAR CONFESSION AND INDULGENCES 

IN THE LATIN CHURCH. In three octavo volumes of about 500 pages each. 
Per volume, cloth, $3. Complete work just ready. 

FORMULARY OF THE PAPAL PENITENTIARY. In one octavo vol- 



ume of 221 pages, with frontispiece. Cloth, $2.50. 
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°il?4^^e^^^A^^^^^'A^**^-^- . "VHSISTORT. The Rise of the Tern- 
PEUTICS. By American and foreign ^-^^^ yew edition. In one handsome 

nent practitioners. In four large octnvti 

engravings. Vol. IV., now? rearfy. RegulRr - 

Russia, $8. Price Vol. IV. to former ui .m cy^i-y O.V THE WAOEB OF LAW, 
leather, $6 ; half Russia, $7. Complete w.r. "rJ)£AL ASD TORTURE. Foaith 
For sale by aubscripHon only. Full pmnpor- ..^yma j^vai I2ma volume of 629 pages. 

HARTSHORNE (HENRY). ESSF.: 

^^K^i^F^^ ?^ ^?^P^^i^ik W JCERDOTAL CELIBACY IN THE 
with 144 engravings. Cloth, ?2. /5 ; half ^ ^ ^^^ huidaome octavo volume of 685 

A HANDBOOK OF ANAT^ 

volume of 310 pages, with 220 engnivi . „-^ ^ ^, ^„ „- 

A CONk^CTVS OF THE .= --•»— "^ «« P^ Cloth. $2.25. 



of Anatomy, PhysiologjTj Chemistry, .* . . . HEMIC AL PHYSIOLOGY, In one 
Obstetrics. Second edition. In on^ ' . ^ lodu SS.25. 
trations. Cloth, $4-25: leather, $6. ' ' 
HAYDEN (JAMES R.). A MAS • --i If' MIDWIFEBY Including the Dis- 
12iio.l^lumfSf20^3 pa^, with 47 ^^ - ..mohediuon. In one octavo volume. 

HAYEM (GEORGES) AND HAi.tiyHa** IL^^W^*' Editorg. f J^S- 
THERAPEUTICS. The Remedini ^ I v ^buttons by VarioiisAjm^iamA^^ 
pheric Pressure, Climates and Mi... - . :-«-* ^^^ P«-«« f^h, fully lUustrated in bUck 
In one octovo volume of 414 pag^-, ... * rolme^loth, %o ; leather, $6 ; hatf 

'^'* • (lil pranwctus free on application to the 

HERMAN (G. ERNEST). FIRJsr-' *" ^ 

^^^J'l^rT ™:i!f ■ HBJilSTRY, for the use of Students of 

HERMANN (L.). EXPERlMh. • : ^.^ wifch 36 engravings. Cloth, $2. See 

Methods for Determinijag the I'iiv" — ^^^ 

Meade Smith, M. D. In one l^iui- 

^^^^^^^^ . ^ ^ ^^^ ^ . s . . i*'E OF MEDICINE. In one very hand- 
HERRIOK (JAMES B.). ^ .'/ i - :,^nmBL Cloth, $4.76; leather, $5.75. 

12mo. volume of 429 pages, wiui- — ^^ 

HILL (BERKELEY). SYPIl ^^.^A* '^-V FBVEB. In one octavo volume of 362 
In one 8vo. volume of 479 pager' 

TTTT.T.TTnt (THOMAS). A H . ^ 'HE DISEASES OF THE NOSE AND 
In one royal 12mo. volume ol ^i***^,! -.ohm of about 600 pages, richly illustrated. 

HIRST (BARTON 0.) AND ^ 

ITIES. Magnificent foU,.,. .^ y ORGANIC MATERIA MEDIC A. 

inland 39 large photognipii. T . ■ '. Maisch, Ph.G., Ph.D. In one very 

edition. For Bale by subUcriiitiof ■ \j -^ engravings. Cloth, $3. 

HOBLYN (RICHARD D.^ ' "*" 

MEDICINE AND TNI. . . ^« " ■*• ^Stiid^nUf Series of ManuaU, page 14, and 

520 double-columned pagt-?.. 

°m?pr^J^?BM'?PV7'V ?w '■ -— ^" "f^ JOINTS. In one 12mo. volume of 

fvffii';^SSel«..v :"-«-^Vl.«- Cloth. $2. 8^ SerU, of CUnicot 

and their Prepa™tioi.>. ' >^. -i»»*».,'*rtJ % ^- ®- *^'" ^^•^- ^" **"* ^^°^- 
handsome octavo voliuue f^*" om^ ' '• '-^^ '■ ^*** vl» '«>. 

HOLDEN fLUTHER). .,> ^oNSEQUENCES OF INJURIES OF 

the third English editlDu- . \ ^t|i>>i*. In one handsome 12mo. volume of 239 

volume of 148 pajjcs. ntuLS - ;*^ ^J^ - ^ 

HOLMES (TIMOTHY). "^ ^ J.iRSSO^S ON NERVOUS DISEASES 

pI^ F R. C ^"'""inZ.^ ^ "v" :■ :>•• l^-««. with 17 engravings and 2 colored nlates. 

f^i *^' «« 1 *l. ^" ^ ^'•"' Cc ..-uiwd copicfl with the Author^s signed title 
Cloth, lb; leather. «.. ^ '^:.:^^.^^^^^ 
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authors. Editod bv J'- .. w^ HISSES OF THE KIDNEY. In one 

containing 3137 dnu'bl^^^ \^ 4> wii^ir*.****^ and 6 colored plates. Cloth, $2.25. See 
Per volume, cloth, $9$dli|tffcMl..)^ 
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MOBBIS (MALCOLM). DISEASES OF THE SKIN. In one square 8vo. yolome 
of 572 pages, with 19 chromo-lithographic figures and 17 engravingB. Cloth, $3.50. 

mjLLEB (J.). PRINCIPLES OF PHYSICS AND METEOROLOGY. In one 
large Svo. yolume of 623 pages, with 538 engrayings. Cloth, $4.50. 

MUSSES (JOHN H.). A PRACTICAL TREATISE ON MEDICAL DIAG- 
NOSIS, for Students and Physicians. New (2d) edition. In one octavo volume of 
931 pages, illustrated with 177 engravings and 11 full-page colored plates. Cloth, $5 ; 
leather, $6. 

NATIONAL DISPENSATORY. See StOU, Maitch A Caspari, page 14. 

NATIONAL FOBMULABY. See StUU, Mcdseh A Oagpan^8 Natumal DigpenaaUjry, 
page 14. 

NATIONAL MEDICAL DICTIONABY. See BilHngs, page 3. 

NETTLESHXP (E.). DISEASES OF THE EYE, New (5th) American from sixth 
English edition. Thoroughly revised. In one 12mo. volume of 521 pages, with 161 
engravings, 2 colored plates, test-types, formulae and color-blindness test. Cloth, $2.25. 
Just ready. 

NOBBIS (WM. F.) AND OUVEB (CHAS. A.). TEXT-BOOK OF OPHTHAL- 
MOLOGY. In one octavo volume of 641 pages, with 357 engravings and 5 colored 
plates. Cloth, $5 ; leather, $6. 

OWEN (EDMUND). SURGICAL DISEASES OF CHILDREN. In one 12mo. 

volume of 525 pages, with 85 engravings and 4 colored plates. Cloth, $2. See Serin of 
Clinical Manvms, page 13. 

PABK (BOSWELL), Editor. A TREATISE ON SURGERY, by American Authors. 
For Students and Practidoners of Surgery and Medicine. In two magnificent octavo 
volumes. Vol. I., General Suraerv, 799 pages, with 356 engravings and 21 full-page plates 
in colors and monochrome. Vol. II., Special Surgery, 796 pages, with 451 e^;ravingB 
and 17 full-page plates in colors and monochrome. Complete work now ready, race per 



-page piaK 
ith, $4.50; 



volume, cloth, $4.50; leather, $5.50. NeL 

PABBY (JOHN S.). EXTRA-UTERINE PREGNANCY, ITS CLINICAL 
HISTORY, DIAGNOSIS, PROGNOSIS AND TREATMENT. In one octavo 
volume of 272 pages. Cloth, $2.50. 

PAB;VIN (THEOPHILnS). THE SCIENCE AND ART OF OBSTETRICS. 
Third edition In one handsome octavo volume of 677 pages, with 267 engravings and 
2 colored plates. Cloth, $4.25 ; leather, $5.25. 

PAYNE (JOSEPH FBANK). A MANUAL OF GENERAL PATHOLOGY. 
Designed as an Introduction to the Practice of Medicine. In one octavo volume of 524 
pages, with 153 engravings and 1 colored plate. 

PEPPEB'S SYSTEM OF MEDICINE. See page 2. 

PEPPEB (A. J.). SURGICAL PATHOLOGY. In one 12mo volume of 511 pages, 
with 81 engravings. Cloth, $2. See StvdenUf Series of Manuals, page 14. 

PICK (T. PIOKEBma). FRACTURES AND DISLOCATIONS. In one 12mo. 
volume of 530 pages, with 93 engravings. Cloth, $2. See Series of Clinical Manuals, p. 18. 

PLAYFAIB (W. S.). A TREATISE ON THE SCIENCE AND PRACTICE 
OF MIDWIFERY. New (7th) American from the Ninth English edition. In one 
octavo volume of 700 pages, with 207 engravings and 7 full page plates. Cloth, $3.75, net; 
leather, $475, neL Just Ready. 

THE SYSTEMATIC TREATMENT OF NERVE PROSTRATION AND 



HYSTERIA. In one 12mo. volume of 97 pages. Qoth, $1. 
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POUTZEB (ADAM). A TEXT-BOOK OF THE DISEASES OF THE EAR 
AND ADJACENT ORGANS. Second American from the third German edition. 
Translated by Obcab Dodd, M.D , and edited by Sir William Dalby, F.B.C.S. In 
one octavo volume of 748 pages, with 330 original engravings. Cloth, $5.50. 

POWER (HENB7). HUMAN PHYSIOLOGY. Second edition. In one 12mo. 
volume of 396 pages, with 47 engravings. Cloth, $1.50. See Students Series <^ McamaU, 
page 14. 

PURDY (CHARLES W.). BBIGHT'S DISEASE AND ALLIED AFFEC- 
TIONS OF THE KIDNEY. In one octavo volume of 288 pages, with 18 engrav- 
ings. Cloth, $2. 

P7E-SMITH (PHILIP H.). DISEASES OF THE SKIN. In one 12mo, volume 
of 407 pages, with 28 illustrations, 18 of which are colored. Cloth, |2. 

QUIZ SERIES. See Student^ Quiz Series, page 14. 

RALFE (CHARLES H.). CLINICAL CHEMISTRY. In one 12mo. volume of 
314 pages, with 16 engravings. Cloth, $1.50. See Student^ Series of Manuals, page 14. 

RAMSBOTHAM (FRANCIS H.). THE PRINCIPLES AND PRACTICE OF 
OBSTETRIC MEDICINE AND SURGERY. In one imperial octavo volume of 
640 pages, with 64 plates and numerous engravings in the text. Strongly bound in 
leather, $7. 

REIOHERT (EDWARD T.). A TEXT-BOOK ON PHYSIOLOGY. In one 
handsome octavo volume of about 800 pages, richly illustrated. Prepoaring. 

REMSEN (IRA). THE PRINCIPLES OF THEORETICAL CHEMISTRY. 
New (5th) edition, thoroughly revised. In one 12mo. volume of 326 pages. Cloth, $2. 

RICHARDSON (BENJAMIN WARD). PREVENTIVE MEDICINE. In one 
octavo volume of 729 pages. Cloth, $4; leather, $5. 

ROBERTS (JOHN B.). THE PRINCIPLES AND PRACTICE OF MODERN 
SURGERY. In one octavo volume of 780 pages, with 501 engravings. CloUi, $4.50; 
leather, $5.50. 

THE COMPEND OF ANATOMY. For use in the Dissecting Room and in 

preparing for Examinations. In one 16mo. volume of 196 pages. Limp cloth, 75 oeols. 

ROBERTS (SIR WILLIAM). A PRACTICAL TREATISE ON URINARY 
AND RENAL DISEASES, INCLUDING URINARY DEPOSITS. Fourth 
American from the fourth London edition. In one very handsome 8vo. volume of 609 
pages, with 81 illustrations. Cloth, $3.50. 

ROBERTSON (J. McOREQOR). PHYSIOLOGICAL PHYSICS. In cne 12nio. 

volume of 537 pages), with 219 engravings. Cloth, $2. See SiudenUf Series of IfcDttiafa^ 
page 14. 

ROSS (JAMES). A HANDBOOK OF THE DISEASES OF THE NERVOUS 
SYSTEM. In one handsome octavo volume of 726 pages, with 184 engravings. Cloth, 
$4.50; leather, $5.50 

SAVAGE (QEORQE H.). INSANITY AND ALLIED NEUROSES, PRACTI- 
CAL AND CLINICAL. New (2d) and enlarged edition. In one 12mo. volume ot 
551 pages, with 18 typical engravings. Cloth, $2. See Series of Clinical Manuals, page 18. 

SCHAFER ( EDWARD A. ) . THE ESSENTIALS OF HISTOLOG Y, DESCRIP- 
TIVE AND PRACTICAL. For the use of Students. New (5th) edition. In one 
handsome octavo volume of 350 pages, with 325 illustrations. Cloth, $i3, net. Just ready. 

A COURSE OF PRACTICAL HISTOLOGY. New (2d) ediUon. In one 



12mo. volume of 307 pages, with 59 engravings. Cloth, $2.25. 
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!Z AND ZUMPT'S CLASSICAL SERIES. 
ADVANCED LATIN EXERCISES. Cloth, 60 cents; half bound, 70 cents. 
SCHMITZ'S ELEMENTAR T LA TIN EXERCISES. Cloth, 50 cents. 
SALL UST, Cloth, 60 cents ; half bound, 70 cents. 
NEPOS, Cloth. 60 cents ; half bound, 70 cents. 
VIROIL. Cloth, 86 cents ; half bound, $1. 
CURTIUS. Cloth, 80 cents; half bound. 90 cents. 

SCHOFIELD (ALFRED T.). ELEMENTARY PHYSIOLOGY FOR STU- 
DENTS, In one 12mo. yolume of 380 pages, with 227 engravings and 2 colored plates, 
aoth, $2. 

8CHREIBER (JOSEPH). A MANUAL OF TREATMENT BY MASSAGE 
AND METHODICAL MUSCLE EXERCISE, Translated by Waltkb Mendkd- 
SOK, M.D., of New York. In one handsome octavo volume of 274 pages, with 117 fine 
engravings. 

8ENN (NICHOLAS). SURGICAL BACTERIOLOGY. Second edition. In one 
octavo volume of 268 pages, with 13 plates, 10 of which are colored, and 9 engravings. 
Cloth, $2. 

SERIES OF CLINICAL MANUALS. A Series of Authoritative Monographs on 
Important Clinical Subjects, in 12mo. volumes of about 550 pages, well illustrated. The 
following volumes are now readj: Broadbent on the Pulse, $1.75; Ybo on Food in 
Health and Disease, new (2d) edition, $2.50 : Cabteb and Frost's Ophthalmic Surgery, 
$2.25; Hutchinson on Syphilis, $2.25; Marsh on Diseases of the Joints, $2: Morris 
on Surgical Diseases of the Kidney, $2.25 ; Owen on Surgical Diseases of Children, $2; 
Pick on Fractures and Dislocations, $2; Butlin on the Tongue, $3.50; Savage on 
Insanity and Allied Neuroses, $2 ; and Treves on Intestinal Obstruction, $2. 
For separate notices, see under various authors' names. 

SERIES OF STUDENTS' MANUALS. See next page. 

SIMON (CHARLES E.). CLINICAL DIAGNOSIS, BY MICROSCOPICAL 
AND CHEMICAL METHODS, New (2d) and revised edition. In one handsome 
octavo volume of 530 pag^) with 135 engravings and 14 full-page plates in colors 
and monochrome. Cloth, $3.50. 

SIMON (W.). MANUAL OF CHEMISTRY. A Guide to Lectures and Laboratory 
Work for Beginners in Chemistrv. A Text-book specially adapted for Students of Phar- 
macy and Medicine. New (6tn) edition. In one 8vo. volume of 536 pages, with 46 
engravings and 8 plates showing colors of 64 tests. Cloth, $3.00, net. Just Ready, 

SLADE(D.D.). DIPHTHERIA ; ITS NATURE AND TREATMENT. Second 
edition. In one royal 12mo. volume, 158 pages. Cloth, $1.25. 

SMITH (EDWARD). CONSUMPTION; ITS EARLY AND REMEDIABLE 
STAGES, in one 8vo. volume of 253 pages. Cloth, $2.25. 

SMITH (J. LEWIS). A TREATISE ON THE DISEASES OF INFANCY 
AND CHILDHOOD. New (8th) edition, thoroughly revised and rewritten and 
greatly enlarged. In one large 8vo. volume of 983 pages, with 273 illustrations and 

4 full-page plates. Cloth, $4.50 ; leather, $5.50. 

SMITH (STEPHEN). OPERATIVE SURGERY, Second and thoroughly revised 
edition. In one octavo vol. of 892 pages, with 1005 engravings. Cloth, $4 ; leather, $5 

SOLLY (S. EDWIN). A HANDBOOK OF MEDICAL CLIMATOLOGY. 
In one handsome octavo volume of 462 pages, with engravings and 11 full-page plates, 

5 of which are in colors. Cloth, $4.00. 

8TILLE (ALFRED). CHOLERA; ITS ORIGIN, HISTORY, CAUSATION, 
SYMPTOMS, LESIONS, PREVENTION AND TREATMENT. In one 12mo. 
volume of 163 paji^es, with a chart showing routes of previous epidemics. Cloth, $1.25. 

THERAPEUTICS AND MATERIA MEDIC A. Fourth and revised edition. 



In two octavo volumes, containing 1936 pages. Cloth, $10 ; leather, $12. 
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STILLE lALFRED), MAIBCH (JOHN M.) AND OASPABI (OHAS. JS.). 
THE NATIONAL DISPENSATORY: Coutoiiiing th« NBtural History, Chamxtrj, 

Pharmacy, ActioDB and Uses of Medidne^ including those recognized in the latest Phar- 
macopteias of the United States, Great Bntian and Germanj', with numerous references 
to the French Codei. Fifth edition, revised and enlarged in acf ordancc with and em- 
bracing the Dew U. S. Pharmacopria, Serenth Decennial Revision. With Supplement 
containing the new edition of the Naliimal Formvkay. in one ma^ificent imperial 
octavo volume of 20^ P&geS; with 320 engravings tlloth, fT.25; leather, f8. With 
readr reference Thumb-letter lodex. Cloth, IT.T5; leather. $8.50. 



A TREATISE ON FRACTURES AND DISLOCATIONS. In two hand- 
some octavo vol iimea. Vol. I., Fbactdres, 582 pages, 360 engravinga. Vol 11., Diblo 
CATi(jNs,540 pages, 103 eugravinga. Complete work, cloth, $5. SO ; leather, 57. 50. Either 
volume sepaiatel;, cloth, {3; leather, {1. 

STUDENTS' QinZ SERIES. A New Series of Manuals in quesUon and answer for 
Students and Fraclitlouera, covering the essentials of medical science. Thirteen volumo^ 
pocket size, convenient, outhoritutive, well illustrated, handaomel; bound in limp cloth, 
and issued at a low price. 1. Anatomy (double number) ; 2, Physiology ; 3. Chemistry 
and Physics ; 4. UiBtology, Pathology and Bai^eriology ; 5. Materia Medica and Thmar 
peutiot; 6. Practice of Medicine; 7. Surgery (double number); 8. Gen i to- Urinary and 
Voiereal Diseases; D. Diseases of the SMn; 10. Diseases of the Eye, Ear, Throat and 
Nose; 11. Obstetrics; 12, Gynecology: 13. Diseases of Children. Price, fl each, except 
Noa. I and 7, Analana/ and Surgery, which being double numbers are priced at $1.76 each. 
Full specimen drcular on apphcatiou to publishers. 

STUDENTS' SEIUEB OF MANUALS. A Series of Fifteen Manuals by Eminent 
Teachers or Examiners. The volumes are pocbet-eize 12mOE. of from 3OO--M0 pages, pro- 
fusely illustrated, and bound in red limp cloth. The following volumes may now b» 
annoiuic*^: Herman's First Lines in Midwifery, $1.25; Luff's Manual of ChenuMry, 
$2; Bbuce's Materia Medica and Therapeutics iliflh edition), $1.50; Bell's Compantive 
Anatomy and Phjraiology, (2; Robertson's Physiolorical Phygjcs, J2; Goitli/b Sor- 
ncal [Hagnosis, $2 ; Klein's Elements of Histology i5tn edition), $2.00, n^l,- PKPres's. 
Surgical Pathology, $2; Treves' Surgical Applied Anatomy, $2; Power's Human 
Physiology (2d etimoni, $1.50; Ralfe's Clinical Chemistry, 'fl. 50; and Ci^ree and 
Xx>CEW00i>'s IKssecIor's Manual, $1.50 
For separate notice see under various authors' names. 



SUTTON [JOHN BLAND). SURGICAL DISEASES OF THE OVARIES 

AND FALLOPIAN TUBES. Including Abdominal Pregnancy. In one 18mo.«>l- 
urae of 513 pages, with lift engravings and 5 colored plates. Cloth, $3. 

TUMORS, INNOCENT AND MALIGNANT. Their Clinical Features and 

Appropriate Treatment. In one Svo. volume of 521) pages, with 250 engravings and 
g fiill-page plates. Cloth, $4.50. 

TAIT (IiAWSON). DISEASES OF WOMEN AND ABDOMINAL SVROEBY. 

In two hand.*ome octavo volumes. Vol. 1. contains 554 pages, 62 engravingB, and S- I 
plates. Cloth, $3. Vol. II., preparing. 

TANNER. iTHOMAB HAWKES). ON THE SIONS AND DISEASES OFf 
PREGNANCY. From the second English edition. In oneoctavo volume of 490 pi 

with 4 colored plates and 16 engravings. Clotb, $4.25. 

TAYLOR (ALFEED 8.). MEDICAL JURISPRUDENCE. 

elfih English edition, special' - ' '■'•--- ■■ — ■ 
e octavo volume of tt31 page 
■|oth,$4.50; leather, $6.50. Juitlroidy. 
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TAYLOR (ALFRED S.). ON POISONS IN RELATION TO MEDICINE 
AND MEDICAL JURISPRUDENCE. Third American from the third London 
edition. In one Svo. volume of 788 pages, with 104 illustrationB. Cloth, $6.50; 
leather, $6.50. 

TAYLOR (ROBERT W.). THE PATHOLOGY AND TREATMENT OF 
VENEREAL DISEASES. In one Terr handsome octavo volume of 1002 pages, with 
230 engravings and 7 colored plates. Clotn, $5 ; leather, $6. Net, 

A PRACTICAL TREATISE ON SEXUAL DISORDERS IN THE MALE 



AND FEMALE, In one octavo volume of 448 pages, with 73 engravings and 8 plates. 
Cloth, $3. Net Just ready, 

A CLINICAL ATLAS OF VENEREAL AND SKIN DISEASES. 



Including Diagnosis, Pro^osis and Treatment. In eight large folio parts, measuring 
14 z 18 inches, and comprising 213 beautiful figures on & full-page chromo-liUio^phic 
plates, 85 fine engravings, ana 425 pages of text. Complete work now ready. Pnce per 
part, sewed in heavy embossed paper, $2.50. Bound in one volume, half Russia, |z7 ; 
naif Turkey Morocco, $28. Far sale by gubscripHcn orUy. Address the publishers. Spec- 
imen plates by mail on receipt of 10 cents. 

TAYLOR (SEYMOUR). INDEX OF MEDICINE. A Manual for the use of Senior 
Students and others. In one large 12mo. volume of 802 pages. Cloth, $3. 75. 

THOMAS (T. GAILLARD) AND MUNDE (PAUL F.). A PRACTICAL 
TREATISE ON THE DISEASES OF WOMEN Sixth edition, thoroughly 
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